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- INTRODUCTION “ 


- This circular is the second of a series presenting methods employed in 
sdivine the technical problems encountered in ‘the production of sand and 
gravel. The first paver? discussed the methods used in prospecting and ex- 
ploration. This one ceals witn the problems involved in bringing a raw 
prospect to the procuction stage and considers the various methods of develop- 
ment and the factors affecting tnat development. Later publications are 
planned to present and discuss methods of recoverr and treatment. 


The recovery of sand and gravel from natural deposits and their prepara- 
tion for marliet involve a prozressive sequence of operating steps or processes. 
bach step or process presents. its own peculiar problems which require different 
ansles of mental anproach, methods, and tools, but all are more or less depend- 
ent on the sten or process wuich precedes. or follows. : ia 3 


Development is éefin Led. as the process of aes a deposit for exploita- 
tion witn. the object of recovering its contents for. sale or use. Prior to the 
besinnins of actual. Aevelonment, however, . considerable thought and study must 
oe given to the results obtained. from exploration for the pirpose of deciding 
tne. methods that are to ‘be used. in recovery:and treatment of the material in 
the deposit (14),* for the whole development program Gepends upon what method 
of operatron or tyne of ‘equipment. is used. 


The decision as to tke methad of ‘operation and type of equipment to 
employ is governed largely by the information obtained by prospecting and ex- 
ploration. .It will alsq depend upon a number of other factors totally without 
the scope of the prospector's field, sugh ag the production capacity desired, 
tue market :to be served, and tie capital available. Therefore, a discussion 
of any one step in the sequence must involve and recognize the effect of pre- | 
cecin; gr subsequent steps. . 

Study of explorayicn results for the purnose of determining the method 
cf attaclk.on the deposit anc tse yreatment of the material. does.not, strictly 
speaking, .come ynder the cesignation of. development, however, in this circular 
tiie term "development" is used jn a somewhat vroacer sense and includes this 
prelininary .stucy anc olanning in order to snow the interrelation between the 
process .steps and ti eir effect on the ultimate plan. which fixes the method of 
cevelorment .to be followec. , 


It. is the object. of this. ‘circular, first, to ‘point ‘out ‘those items that 
affect tae method of ceyelopment;. second, _to show tue ‘importance of properly 
coordinating the sequenge of operations. in planning: for development; third, | 
to present tne varicus inethocs of ‘development as applied. to different types 
of deposits; and foyrtn, to present typical | examples of actual practice. 


o fThoenen, J. R., Prospecting end Exploration for Sand and Gravel; Inf. Cir. 
- 6668, Bureau of Liines. 
4. Figures in perenthesis refer to the piblicgraply at the end of this circu- 
lar. ss | 
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2 | 1.0. 6689 
FACTORS AFFECTING DEVELOPHENT 
Economic Features 


Totally asice from the tecimical problems presented in sand and gravel 
recovery but of equal or possibly even greater importance are the many 
economic problems involved. These may be such as to condemn a property which 
offers ideal operating conditions from a nurely technical point of view. For 
instance, a ueposit may be of. such a nature as would allow production and 
preparation of suiteble market material at a minimum of expense and yet be 
inaccessible for economic delivery to markets. Another Geposit may be witnin 
reach of an attractive market, but be composed of materials wnicu could not 
be economically treated to supply that market. It is not within the scope of 
tais series of papers to discuss economic problems in detail. The autnor has 
nointed out these features in a previous publication,® and such items will be 
unerein discussed only as they affect tie development plan. 


It will be assumed, then, that the location, size, and requirements of 
local and cistant markets, as well as otuer economic factors, have been in- 
vestigated anc their effect on the operation discounted. 


Phy sical Characteristics of the De eposit 


Txe physical cnuaracteristics of the deposit present the first problems 
in devising a development plan. The surface topography will influence the 
type of operation necessary. If the deposit is elevated above the surround- 
ing land surface it will require a different plan of operation than a deposit 
below the surface. Local topography may indicate a difference in the equip- 
ment to be used for recovering the sand and gravel from two deposits, even 
tiough they may be of the same general type. Alternative equipment affords 
& choice of several methods of development. Cvoviously a plan designed for 
mecuanical shovel operation would not be suitable for cableway or dredge 
excavation, and vice versa. 


The size and shape of the deposit will have a direct although possibly 
a minor effect upon the developnent plan. A small irregularly shaped deposit 
woulda ordinarily not lend itself to large scale development. Another deposit, 
sinall in volume, may be so self-contained and regular in shape as to warrant 
large-scale operation for production of a maximum tonnage in a minimum time. 
Saall irregular shapes are not as common in dry-land deposits as in river 
bars, but when they do occur they should not be overlooked. 


' Long narrow deposits may be opened transversely to best advantage at 
one location while at another they nust be developed parallel with the long 
axis. Local conditions will Getermine the procedure. 


Occasionally gravel deposits will be found to dip sharply from the hori- 
zontal. <A different method of development and operation will have to be used 
in such a place. a . 


5 <recenen, J. R., Economics of New Sand and Gravel Developments, Econ. Paper 
7, Bureau of Mines, 1929, 60 pp. 
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The proximity of the permanent ground-water level to the surface will 
largely determine the method of develcpment of. subsurface pits. Sand and 
sravel occurring in areas in which the round water approaches the land sur- 
face often present opportunity for a wide choice of excavating equipment. 

In thin deposits which are otherwise ideal: fér operation by pump dredge the 

water level may have sucii a relation to the bottom of the gravel as to pro- 

hibit its use because of insutficient water to float the dredge. In other . 
deposits this relation just as is ear indicates the superiority. cf the 
Epesee over other. equipment (40). | 


Some deposits sviaudine ‘below ground-water ‘levels have such irregular . 
lower limits that a drag line-or scraper would dig up so much deleterious 
material from the underlying stratum wnen mining the lower portion that their 
use would be pronibitive. Pecourse must then’ be had to otner types of machin- 
ery tnat can reach tncse irregular patches. If this item is not considered, 
much ve.luable material 1 may me lost throug sho a. choice of the wrong type of 
equipment. 2-9. 


Development for one type of equipment will be unsuited for another. . For 
instance, development for drag line or scraper operation will be quite differ— 
ent from taat for dredzes.. Even different types of dredges will require. 
aifferent deve looment programs. For example, a pump dredge may excavate and 
celiver material through pipe lines to a plant on land, while a clamsnell 
or ladder dredze may Geliver:directly to’ barges to be towed to the land plant, 
or either type of aredge may be constructed to treat the gravel on the dredge 
itself, delivering. finished material to be transferred to distribution yards 
or semifinished material for further treatment in the land plant (61). 

gravel andew eater nay? be developed for drag Tine, ‘cableway, or dredge 
gpenaerons but in “each case- “tue details of development will differ materially. 


Character end. M.ickness of cverburden 7 


one of. the first enGavtaliges of any tice of a land deposit: isa 
study of the material overlying his commercial deposit.’ The removal or 
utilization of overburden presents problems which may, tax the operator's 
ingenuity to: the limit and: may mean siccess or failure in his. ‘venture. — On 
the other’ hand, eee is ‘sone times® ‘inconsequential. | 


"udenwa tes iéuosite: dn aeneree. have no" ‘stripping’ problams, At times, _ 
nowever, floods may bring down a quantity of undesirable inaterial and com— 
pletely cover:a commercial deposit (7) (22). This” material must be removed 
or the equipment shifted to another site. Where such conditions are apt to 
occur they imust be considered in the plan of development in order that they . 
may be met by regan peuviee to divert: ‘river currents or by other means (56). 


Few ‘land eeake. on the sthee hand, are devoid of overburden, ‘although’ 
suck overburden does not in many cases present. operating difficulties. If | 
the overburdet.is thin or of a sandy nature it may “pe feasible to ‘disregard 
it entirely and send it to the tieatment plant witli the gravel. If thick or 


not easily removed ty pare it must “De eee ahead of the gravel excava- 
tion. _ - 
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Stripping may be either periodic (24).or concurrent with production of - 
gravel. In either case it may be possible to use the same equipment for both 
stripping anc gravel excavation (65). In some cases digging equipment is. 
used for sttipping. during the winter or nonproductive seasons (59). In others 
the same equipment handles stripping when delays in plant or naulage equin- 
ment prevent mining. In others, provision is made in the operating cycle for 
alternate stripping and production (41). In still others different or identi- 
cal types of equipment are used concurrently with one unit encsaged in stripping 
and another in producing gravel. 


The effect of stripping on production must always be carefully weighed 
in laying out the development program, in order tnat it mayy involve the least 
interference with production. 


In some cases the overburden has a ccmmercial value (19). Sometimes it 
may be sold during only certain portions of the year, anc must be otherwise 
disposed of during the balance. In still other cases local laws require the 
replacement, of top soil after removal of the gravel. Wen stripping is 
necessary, excavation must be carried on in two cycles; and other things 
being equal, the metnod employed in stripping affects the development plan. 
ror instance, the development of a deposit stripped nydraulically will be 
entirely different from that of one strivped by mechanical eouipment. 


The en thicimess. of an unsalable overburden may render a deposit .of 
otherwise commercial gravel worthless when the use of a certain metuod of. | 
stripping is contemplated; if another method of ete “ing is adopted, BONSY ET 
the results may be reversed. ees 


Fhysical Characteristics of the Material 


a ee gee ope Se 

The material contained in sand and gravel deposits diffem greatly. Some 
ceposits contain an excess of bowlders requiring crusning and only a relative- 
ly small amount of sand (57). Typical examples are some alluvial-fan deposits 
of the West coast and the river ceposits in the Pittsburgh area (19). Other 
deposits, and these are far more prevalent, contain an excess of sand. It is 
evident that plans for both excavation and treatment of material of such 
heed Givergent cnaracteristics will require different aie ae of eae 
(48 e 


Still other deposits will be found to contain sucn quanti ties of deleter- 
ious materials as to require development methods entirely unlike those that 
would be employed for clean materials. As examples, a nillside deposit may 
contain such an excess of clay as to require a preliminary wasning by hy- 
draulic excavation. This changes the development plan from one for bench ex- 
cavation by shovels to hydraulic wasning and pumping. An under—-water deposit 
may contain sucn an amount of river debris as to prohibit the use of any other 
than a clamshell dredge (7). Again, in some river operations the material 
excavated in a season's dig€ging may be completely replaced by spring floods, 
thus permitting excavation from the same pit year after year from a stationary 
plant (45) (46). Development at such a deposit is obviousl; entirely differ- 
eat from that at places where portable river equipment is required. 
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On the one hand.a-large deposit may contain commercial material segre- 
gated in only certain portions or contain sand at one point and gravel at 
another (28). * Such a deposit, thoug: large in its “aggregate extent, must be 
developed .in small-scale separate units (64). /? Qonversely a small déposit 
ae uaberae gas sufficiently uniform and clear to warrant large-scale 
aaa: ae ar : oe 
% " Gravel a may boneain foreign material which ase be: eanaved in 
the treatment plant. This requires provision in the dévelopment plan for 
sufficient water to eoaasary digs or other separating mech ine (63). 


-— =, 
tte cay a 


Often sand and aravel are more’ or. lesa: cemented by ied Vonneos, silicious, 
or metallic exide materials (49). Many times this cementation extends ‘~-°-. 
throughout the entire thicimess. of the deposit. At other times it may exist 
in only thin layers.or beds, but: sueh beds may: be s0- tightly cemented as: to 
prevent penetration oy puno suction or, if dry, by draz ‘line, cableway, or 
even shovel excavation. Several’ instances are known where the gravel bank must 
be drilicd and blast.4 ahead of even heavy shovel equipment (49), and in one™ 
instance, at eee sHOneEene ene. ahead’ of a ladder dredge was Caer 
plated. | a | oe 


Thiclkmess -of the nese viee: 


Thin deposits extending over: wide’ lateral areas must be develéped so -as 
to provide easy access to an extendéd and rapidly” changing working face. . This: 
requires a-.different. type of-attack and eqiiipment from the thick, compact -°- 
deposit. In thin deposits the digging equipment must"be of lighter and. more‘: 
mobile construction, and the haulage es and aes layout must be suited 
to rapid and frequent changes" 3. ease wa 


Thick deposits may require working more than one bench by. the same or 
even different types of equipment. Even where a thick.deposit is worked in 
oné bench the methods of attack will differ greatly in different localities 
either because of topographic or-other physical conditions. or because of Pe 
sonal PEorer ences: for’ different’ My Pee of equapnent } ar 

»:Bedded material in a: thick ‘deposit: may. require’ a aifferent method of 
Learogeh at one point than at another in the same deposit. Inclusion of 
lenses of waste material in the deposit may cause a change in method as exca- 
vation proceeds. These ¢onditions must all be reflected - in the. Gevenoment. 
plan, which mist. be. flexible: ee ‘to sare for them. 


os 
6 ae er 


The nicineee: of unico wased deposits hes a direct bearing on the type of | 
dredge to be used. Some thin submarine deposits be ‘mare economically recoveret 
by ‘cableway or dtaz. line ee “éven thoug . there ‘be. amnsent water 
to Float: 8 a : i od Sa ee : 
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Disnosal of Waste 


- Waste in a gravel pit comes from two sources--overburden and an excess 
or some one or more sizes of processed material. In the one case it origi- 
nates at the site of excavation, in the otner at the plant. In both cases 
provision must .be made for its Gisposal. Dumping space must be allocated 
“kere it will cause a minimum of future inconvenience and yet where it can be 
reached with a sainimum of expense. A dum suitable for overburden may be 
entirely vut of the question for plant waste and vice versa. Periodic sale 
of eitner overburden or plant waste may require that the dump be placed so 
as to allow easy recovery of its contents. Yor the same reason it may be in- 
aGvisable to mix overburden and plant waste. This will require two dumps or 
a segregation of the materials in the one dump. 


Tce scheme of development must consider these factors wit. all their 
ramifications, else difficulties will arise in future operations. Many dumps 
located without proper study during jae have had to be removed or 
renandled at considerable expense, | , 


Plant Capacity 


Tnere is probably no one feature having a more vrofound: effect on de- 
velopment tran that of the quantity of material which must be handled daily. 
Development of any Geposit for small-scale production will have little relation 
to. that. for larze-scale operation. There will be a Gifference in the amount 
of stripping required, in tue capacity and operation of digging equipment, in 
the haulage equipment, and in the treatment plant. Also, an entirely different 
metuod of excavation and treatment may be used. As an example, the operation 
of a small wayside pit may find excavation by scrapers and tractors delivering 
to a log wasner sufficient to recover, wash, and eliminate an excess of fine 
sand. A large plant on the same site would require shovels, locomotives, cars 
or other conveying equipment, and an elaoorate Wass.ing , -sereening, and Poeenony 


Classification plant. 


Development for a temporary wayside pit will be much less exacting than 
for a large permanent plant. Herein the importance of development differs 
from prospecting and exploration. The small operator has just as much need 
for proper exploration as the large operator. Development for the wayside pit 
requires only temporary provision for a relatively shcrt period of operation 
and need not be concerned over the life of the deposit or equipment. 


Plant capacity, however, is usually determined by economic factors entirely 


aside from technical problems. When capacity is once determined by those eco- 
nomic features tuen the plant equipment becomes a technical problem which the 


evelopment progran must solve. 
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Capival Available 


Tae emeunt of canvital available for construction and operation is, of 
course, of vital inmvnortance. Lian; plants nave been startec on veritable 
s..cestrings: and by careful inanagement built uo into larcge profitable oper- 
ations. : The fact remains, novever,. tuat an operator with only a few tnousand 
Gollars. is in no position to embar.: on a development program involving the 
construction of a jar se operatin: unit such as a ladder dredge. 


in all cases the plan must be mice to fit tue capital available. If it 
coes not ao tnis the result is inevitable failure. 


Bifect of Treatment Processes on Development 


In the vrecedinz Giscussicn some of t..cse factors pertaining to produc— 
tion heave been enwieratec and their effect on the development plan indicated. 
Tare metuog and equinment used.in treating material and preparing it for market 
also must ve consicered in prenaring the development. plan. 


jaiiveny 66 Material to_the Plant. 


Tie metioag of ceiivery of the material to the plant is influenced by 
surface topogrep-y7 anc will depena larzely on the type of excavating equip- 
ment-used. In iostcases te first step in kandling material at the plant is 
t. elevate it to a considerable neignit from which it ma; pass through the 
.Warioug processing stevs by sravity. In a few cases where material requires 
v..@ elimination of excess fine sand or clay a preliminary washing is arranged 
for prior to tnis initial elevation, in orcer to conserve power by decreasing 
the amount of material elevated. Provision mst then be made for disposal . 
of tais vaste PEOGUCIts 


Te Aienecer of material from the vane or pit. ta the treatment plant 
presents problems wuich lave been solved ia a variet; of ways by different 
operators. Jn selectinz a iiaule ze s;stem muc.. will. ‘Gepend upon the experience 
and personal preference of the cperator. In dry surface Geposits one oper— 
ator will denencd unon auto-truci: i:.aulase from pit to plant, anotner will in- 
stall locomotives ana cars, a ti.ird. may. prefer a conveyor-belt system (39), 

wWrile a fourth ma use’ ixdreulic pumps and pire. lines.. The same is true of 
vet:or dry subsurface pits, but with tue adacition. of a cableway excavator de- 
livering directly to the plant (20). Even in under-water deposits the trans- 
fer of material may ve effected in. many ways such as by. cableway or dragline 
excavation, directly to the plant (20), b: tug baat and barges, acrial tram- 
Ways 8 (32)(66), or by pumping through pipe lines (34). | 


eee soneieeretion of ee internal plant haulage problem is of prime 
importance in any plaa | of development. A deposit on a hilltop may require 
the establisunent of LicLway or railway grades to bring the material to the 
treatment plant on the abutting plein. On the other hand, such deposits often 
offer a minimum of aifficulty in this respect in that tue material may be 
lowered by gravity to the plant. In am’ case iiaulaze at a hilltop or hill- 
side deposit will be entirely different from that at one entered from the 
base of the ili. 
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Haulage from a depressed pit presents a different set of problems in 
that the material must be elevated to tne plant, thus requiring more power. 


Provision must be made for whatever system of naulaze is used and the 
nevercpnent aan ies be laid out i aa | 


Washi ing 


Material: discharged from pipe lines mdy or may not’ require further fresh 
vater for washing. » Material delivered ‘by truczs, cars, drag line; or cable- 
way Will invariably require wash.water. The provision of adequate.sdurces 
of water and its: delivery to the plant in the required quantity is°as much a 
part of the ane setae oi aaa as eae preparation of the Pepe vie itself. 


ws 


Slimina'tion of impurities 


some gravels require only washing to prepare them for market. Otners 
require the elimination of foreign matter, which may necessitate the use of 
‘vce mac.iinery , such as Jigs (63). 


..¢...The elimination of eer iee from sand and gravel is essentially a¥- 
problem of treatment. However, preparation for the method of treatment and 
disposal of waste products is essentially a problem of development, and must 
be ee conecene? in any a program: 

Where adie: are aneouice for: sbacial maricets pected “ankineny may be 
required, and provision should be mae in the development program to accommo- 
eee . pee mens | . Sec 


| DEVELOBIGNT AS A COORDINATING AGANT 

The primary purpose of Recetoaier + of. ‘any deposit is. the preparation of 
tuat Geposit for exploitation. A secordary but: equally important purpose is 
tide planninz and arrangement of operations in such manner:and sequence as will 
require. the minimum expenditure of money, labor, and power in recovering the 
material, transferring it to the treatment plant, preparing it for market, 
and either delivering it to that market or maling it easily accessible for 
suc delivery as needed. In this second phase preliminary planning plays an 
important part in development by correlating the information derived from ex- 
ploration, with tne plans for the several. subsequent operating steps. 


A proper exploration program will have developed information as the. size, 
sdape, and thickmess of the deposit, the character and disposition of the 
materials. in the deposit, the position of ground water, the topography of .the 
terrain, the source and abundance of available water, and the location with 
respect to shipping facilities. The development plan will utilize this inform- 
ation..to devise'-the method of attack and the method of treatment, and finally 
to coordinate ‘all.factors into the most feasible and economical pe of ae 
ation giving. consideration to all local features. - 4 
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The last item involves a number of factors mien it will be well to dis- 
cuss at seas fea eee eee pra i, Gi ° eee cies “Te | 
od : . pe ee aS pS ane m2 ore Sine ee . Pk 
Relation of sxcavation Site to Plant Location 
The Pevation: of the exeavatlon site. or. point of: attack. ox the deposit 
to the location of the treatment plant may or may not be of considerable 
importance (54). Ape 


'. ‘In ithe. case of: river,.lake, or ocean deposits where the material is ex- 
cavated and delivered, to: the:.olant without preparation by the excavating: 
unit. the length of haul. to the: plant may become a serious. problen.- Ordinarily 
in. such operations, as-the’work progresses the distance. between the digger 
and plant increases. -If the: material tug contains: little waste this is of ' 
small concern, but if an apvreciable proportion of this material mst be dis- 
carded at the treatment plant. the operation 4s .handicapped by the extra expense 
of hauling it over an increasing distance. The question then arises as to how 
far: this material ca be transported or:how much'‘can! be handled for less money 
than it would take to erect a treatment plant:on-the excavating unit itself. 
As an example, in several river operations. with which the author is familiar 
the amount of fine sand taxen from the river bed far exceeds the gravel re- 
moved. In. such cases’ the: operator has Tightly- decided it is ‘cheaper- #o install 
a treatment. plant on-the dredze.to. eliminate this: fine material: on pee only 
commercia] material to ee snore see a ee . 

A similar decision may se eeachind _ cases oe ha: loeation of a — 

peu is sauce weet there a8 ‘ho oS hoe cael ok ‘this waste material. 


@- 


oe ae 


In oe sinats the Aoblei Bacoiied even more eoimpitoateas For. anatanse: 
a deposit may be so situated and have such surface topography as to require 
economical attack from the-north side while shipping facilities are located to 
the south. The development plan must correlate these divergent factors and 
balancing: onsagainst the other decide whether to attack-on the: north and haul 
to a.tréatment plant at.the ‘south; -to place the treatment plant at the north 
“ adjacent.to the point. of. attack. ‘ané haul only finished material te-the ‘shipping 
point; or to-attack fom ‘the -south adjacent to" ‘the plant and enivpise pets 
but vunder adverse conditions ‘for excavation (37) (81) - 


i wee ee 


me nil Ltop- deposit. maiy Be S0- situated that: ‘access. ‘to it would be aiffiewt 
and: costly “by ‘highway or railway’ ‘grades. The prolem then becomes one of” 
whether the plant will be-placéd at the déposit and finished material. lovered 
by gravity to the base of the hill; the plant placed at the base and pit-run 
thaterial ‘lowered: to it; of the ‘plant placed on the’ slope of: the hill‘with pit- 
run ‘material delivered to: it at’the top and finished material removed from -it 
‘at the basé. Ail threé ‘types: ‘of, procedure have ‘beer justified by" jocal acl 
tions: and: are: in | Practice. ~ % pres oe | raw 


- red 
ee or genes * 


a a: flet t deposit explorati of may’ “have: ‘shown’ the: Lipper r poreion of eee 
pit to: contain -&’ clean ‘coarse gravel free’ from clay ‘amd the “lower part to be 
more or less contaminated with fine’ sand and clay’ seanis. ~ In such case it might 
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be advantageous to remove the top by shovel, and the lower portion by dredge, 
drag line, or cableway (19) (26) (43) (44). 


If it is decided to follow the shovel by dredge or drag line, the plant 
may be located so as to provide a minimum haul, inasmuch as some intermediate 
transfer equipment must be used in both cases. This may be equally true with 
the cableway. However, it may develop that the plant can be located at a 
point where the cableway can deliver directly to it and thus save intermediate 
vaulage while excavating the lower portion of the deposit (20). 


Concentration cof excavation site, plant, and shipping point in close 
proximity has the advantage of arranging a compact operation with a minimum 
of interplant handling (23)(37). Such concentration may require less con- 
struction capital at the start and be justified on that ground alone, althougn 
greater ultimate economies might have been enjoyed by placing the point of 
attack at greater distance. Citen the small operator with limited means is 
justified in starting operations after a development plan which would be con- 
sidered poor practice for large-scale development. 


These few examples will illustrate the need for properly planning the 
relation between plant site and point of attack in the development scheme 
and also the coordinating agency of development between exploration and produc- 
tiond | 


Relation of Treatment to Excavation liethods 

The metnod of treatment to be used in preparing sand and gravel for 
market will be influenced greatly by the physical characteristics of the mater- 
lal in the deposit. They may also be a deciding element in the selection of 
the excavating equipment. In fact in some installations the excavating method 
is designed to provide a preliminary step in the treatment process in addition 
to recovering tne material from its natural vosition. For exanple, the local 
conditions may be such that a deposit may be worked equally well eitner wet or 
dry but a surplus of clay may cause the decision to swing to the wet method in 
order to provide a preliminary washing. In this way less equipment may be 
needed in the treatment plant and less power expended for providing wash water. 
If the dry method of excavation is used, additional washing machinery will be 
required in the plant. In many cases this is a serious consideration and it 
snould not be overlooked in the Gevelopment plan. 


In those deposits containing an excess of fine sand or bowlders it is 
desirable to separate this excess material from the plant feed as early as 
possible (48). Where conditions permit, preliminary separation is made at the 
point of excavation. In so doing provision imust be mace in the pit or else- 
where for disposal of this material. In some localities excess bowlders are 
crusned and either sold as crushed gravel or mixed with the plant feed. The 
crusher may be a part of the field equipment in the pit or of the plant itself. 


In those laterally extended but-comparatively thin deposits containing 
Segregations of various~sized materials a cnoice is sometimes possible between 
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the erection of a central treatment plant to which separate excavating units 
send their product (28) and portable treatment units at each individual exca- 
vation point. These vortaole units in turn may be designed to produce a 
finished marketable product or they may only partially prepare the gravel and 
sand and send it on to a separate central plant for finishing. As an example, 
tne portable plant may merely separate the sand from the gravel, returning 
the excess sand to the excavated pit and sending the balance to the central 
plant for sizing. Whatever operating scheme is chosen, the details should be 
worked out in the develonment staze. . 


‘Storage and Waste Disposal 


In the majorit: of gravel plants no provision is.made for storage of 
finished marketable material. The practice followed is to load this material 
directly into railwa, cars or other transportation equipment as fast ag pro- 
duced. Ina growing: rercentage of plants, hcwever, the finished material is 
sent to storage piles for later reclaiming and mixing, as the market requires. 
It will be obvious tu2t a different development pee will be necessary for the 
two types of operaticn. | . 

Waste Gisposal is a trying problem at many plants. In some, development 
is designed so that overburden, excess sand or bowlders, and plant waste - 
sizes cam.all be dunned into the excavated pit. At others separate dumping 
space mus st be provided voth for field and plant waste. The development plan 
imst recognize this need and arrange for dumping space which will not inter— 
fere with future operations. 


eo? 


| sunny 


It will be seen from the foregoing digousaien that the development plan» 
mast consider a large number of operating details both as to their individual 
effect upon the sequence of operations and as to their combined. effect in in- 
fluencing the coordination of the several operating steps. Thus, while de- 
velopment in its restricted sense deals only witi: the preparation of the de- 
posit for exploitation, it must in a- -proader.sense encompass the causes, 
effects, and results.of a variety of. operating methods and equipment and by 
preliminary planning incorporate the whole into a smoothly working sequence - 
of operationsdesigned to suit local conditions. 


DEVELOPMENT METHODS: AND THEIR APPLICATION TO VARIOUS TYPES 
OF DEPOSITS © | 


The matter of development of an individual deposit is based on so many 
local contingencies that specific recommendations can not be made which will . 
be found applicable in all instances. Were an engineer to confine his 
recommendations to a certain plan of development for a specific type of de- 
posit he might get by witnout criticism .in one or two instances, but very 
shortly he would encounter local conditions entirely at variance with such 
set plans. Therefore, in presenting the various methods of development in. 
this paper, their application to the different types of deposit will be pointed 
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out in cnly a general way. Where more than one development plan is applicable 
to a certain tyne, alternative plans will be discussed. In tnis way it is 
roped that the suoject will »e presented in such a manner that the reader may 
vest appl; the sugzestions to his local conditions. 


In discussing various metnods of development it will be assumed that 
economic features and tne correlation of operating steps have been siven due 
consideration and that a general scheme as been worked out in advance. The 
Giscussion of the process of development as follows will tnen be confined to 
the restricted definition--the preparation cf the deposit itself. 


Types of deposits 


From the viewpoint of the producer, deposits cf sand and gravel fall into 
taree general classes with five subdivisions, as follows: 


l. Bank 
2c. Pits 
a. Dry 
b. Wet 
oS. Marine: 
a. River 
b. Lake 
c. Ocean 


T..18 classification has been adopted by the United States Bureau of Mines in 
stucying safety conditions and operating methods. 


Definitions 


Bank. A bank deposit is defined as one in wnich tne elevation of the 
excavation floor is level with or above the surrouding land surface. Thus 
an open-cut in a kill or ridge which is entered frem the plain at the base 
is a bam ceposit. lLitevise a similar cut ertered part way up the slope of 
tue hill is a baniz. Banz deposits are usually operated dry, altinough in a 
lew instances hydraulic metiods are used. In no case, however, is tue mater- 
ial dug from below the surface of a natural or artificial body of water. 


Pit Geposit: Dry.- A dry pit deposit is defined as one winolly below the 
level of the surrounding land surface, but in which the excavation floor is 
above the level of permanent ground water. The use of the modifying adjective 
"dry" refers only to the position of the deposit with relation to the sround- 
water level. Ordinarily dry pits are operated dry, but they may be worked by 
hydraulic methods. Excavation from a dry pit never occurs below the surface 
of a natural or artificial body of water. 


Pit deposit: Wet.- A wet pit deposit is defined as one wiolly below the 
level of the surrounding land surface in which the excavation floor is below 
the level of permanent ground water. 
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Waere gravel occurs in flat terrain a devosit may be operated as both 
a dry and wet nit. Tuat portion below thre land surface but above ground water 
way be remeved'in tre first bench as’< ‘dry operation.” Wnere the deposit is 
of exceptional vertical thiclmess more than:one bench may be sc removed. 
Tnat portion of the: deposit lying below the ground water, however, will be re— 
moved as a wet pit. It is.not at all unusual to find the whole deposit exca— 
vated as a wet pit. In these cases digging from below the water surfaces 
caves the material a00Nes ‘ane it. ‘ls renoved along with ‘the lower portion: 


in other cases one may find a coubination of baie: sa stilt operation. 
Waen 3;round water.is close to the surface at the base of the hill or bank, | 
the material above is removed as a ban deposit and. the lower portion extend— 
ing below ground water is worked as a wet pit. Banks or dry pits in which 
the gravel is excavated by hydraulic methods and sluiced to a pump in a pit 
dug below veyee sevens are oe ereeeey as wet pits. 

harine Genosits:: River.- A Mresceasett is defined as one in which ‘the 
gravel 1 forms the bea, bars, or small islands between tue natural banks of tae 
river. 


Deposits on islands of such size that they may be worked as dry or wet 
pits wholly within tne island are not included in this definition. This con- 
fines river cenosits to the area between its natural banks. In some instances 
tne river bancs themselves form commercial deposits. An onerator excavating 
a bar or bed in a river may continue into the bank when it is reached. The 
extension of such an operation changes. it from a river operation to a wet pit 
because si:irting oars due to current and flood aun aos not occur in excava— 
tions extending bej}cnd the line a bees i: i 


In cases where eseuyation : is extended ines a janes island sondltvons may 
simulate those in river~bank extensions. Tkese cases are not numerous but 
when they dc | occur cael snould ee classed as wet pits. 


It will an seas then, tiat river dendette as defined. with the excep 
tion noted for large islands, ppyerse occur within the boundaries of - the 
natural banics of the" ‘iver. = 


Marine dewieiten Pate.< Tale deposits are defined as those in which the 
material. forms tae lake bed or beacil. — : | 


“Marine.deposits: Ocean.~- Ocean deposits are defined as. ‘those. in which 
the. Taseriey oot the ocean ae or: "beach. © ge ee ; 


~ 
he oe 


Tas ena ocean puesta are. ginilar eieae that one Ta in fresh and ‘the 
other. in salt water. Tiis difference, in itself, presents diverse operating 
problems. -In- addition conditions. such as ‘idea. storie. ete., on the ocean © 
present problems not enccuntered in ay but the largest lakes.’ Because of 
these differing problems lake and ocean deposits are subdivided into two 
separate ‘Classes, although excavati oxi ‘operations are Similar. . | | 


Inland extensions of excavations originating in lake- or ocean beaches : 
should be classed as wet pits, as in 4 case of extensions into river banks. 
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BANK ‘DEPOSITS | : : 

Banik deposits of sand and gravel may be os either residual, fluvial, 
marine, lacustrine, or glacial orizin. The residual flint or chert ceposits 
occurring in low rounded ridges in tue great plains area of the Middle West 
are typical of the first class. Alluvial cones and river terraces in moun- 
tainous areas, outwash plains of the central states, and the kames and eskers 
of the glaciated section represent fluvial or glaciofluvial formations; the 
coastal plain deposits of the eastern seaboard contain many ban operations; 
plants on the borders.of Great Salt Lake and terraces of old glacial lakes 
present bani deposits of lacustrine orizin; materials of purely glacial origin 
are represented in the depusits found in moraines scattered throughout the 
glaciated area. 


Banik deposits present a great variation with regard to tne thiclmess and 
character of both overburden and contained material, as Banners be eecnet from 
the differences in their origin. ; 


‘These variations provide an interesting set of problems in preparing a 
development program. Two deposits in the same original formatim may be 
operated differently due to local conditians and require different development 
plans. This empnasizes an earlier statement that recommendations as to the 
method of development of any tyne of deposit must’be general rather tuan 
specific, leaving details to be worked out acco rding to local requirements. 


Bank deposits are usually worked dry, aithough in a few exceptions exca- 
vation has been garried on by hyeraulic sluicing. The ordinary procedure is 
to remove the material in horizontal slices, but in some cases, owing to the 
freat vertical thickness and elevated topography of the deposits, the gravel 
is peceyere ee sloping. slices or troughs. 


In the matter of equipment, porer shovels are used in a large majority 
Or: banks, although Grag-line excivators and cablewa; scrapers are much in evi- 
cence... There are also a few iustances of hydraulic sluicing. 


Where the overburden is thin and of a sandy nature it may often be dis- 
regarded entirely. On the otner hand, heavy clay capping may require separate 
renoval and even entirely separate and different equipment from that used in 
digging eeaeer 


In some cases even thin overburden must be removed separately because of 
the great amount of vegetable matter contained in roots and decayed foliage 
Tuiis is particularly true where the deposit of gravel itself is core 
thin and the ratio of overburden to sand and gravel correspondingly large. 


Tae first step in preparing a bank deposit for development is the removal 
of surface vegetation in the form of trees, undergrowth, etc. This may be 


done by force account or by contract in which the contractor receives an 
agreed price per acre. 
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“The eke step is the removal of overburden. This may also be done by 
force account or contract. If by contract the price is usually fixed at so 
much per cubic yare of material moved, althouzh Bone wane the EStCS is set 
2s the pavere imal or acre of surface aa = 3 Ore, 


If the ‘operation | is a new -ayenturs and all the eaienene. that will be 
used in both Strinping and digsing gravel must be rurchased, .the physical 
characteristics of the. deposit will have a decided influence pees the » type | 
of mare tnery bought. and ue size ae the ea as Pag Aities . 

If the equipment is oak in fra another sv aaseeie mith” has been -\-: 
abandoned, or if it has been purchased secondhand,’ the development -plan must. 
be so arranged that cperetions will conform to the working’ limits of. we ‘ 


equipment. oe 


Tie first concition will allow a wide.choice of: equipment and method af 
operation. — Tie second,. although limited as: to. equipment, may even .so-admit. 
cf various methods of procedure. In the following discussion some.-éxamples- - 
are analyzed in waicn either the general physical conditims of the deposit 
are assumed or the equipment available ig pamiibee: tovcertain ‘types and - ee 
or both. oe ey. then 2 Tee " | ‘ 

: 

| Development ‘for onersanover operation: in horizontal slices: OF. benches 
is the most usual procedure. Most bench operations are carriet‘on in ex- 
tended straight or gently curved working faces opened at the side of the hill > 
and advanced into the hill by successive lengthwise cuts. Some banks are 
opened by an initial thoroughcut normal to:-the contour lines which is subse— 
quently enlarged at its inner end to form a circular or elliptical working 
face.. - | ese & a 2 | - 


-_ 


Where thin overburden (1 to 3 feet) must be removed:..it is. often stripped. 
by scrapers powered by gasoline tractors, mules, cr horses. Such methods re- 
quire the removal of the overburden in strips. or areas in prattically the 
same general scheme as is used with mecianical equipment in tnuicker material. 
Therefore, these metioas will nd be discussed Lere in detail except.for the 
single comment that they are more eas than where Gone eons warrant the 
use, of neay rer ecu en es | ee 


‘Straight Cuts | 
Figure 14 represents a plan of a deposit of gravel to be worked as a bank 
deposit.. The.contours are drawn at -20-foot intervals and preliminary -explora-— 
tion is ‘assumed to show an everace of 5 feet a overbureey which. a be re-~ : 


~~ 


Tris deposit may be spened from either of two souebee The treatment 
plant may oe located acrcss the creek on the flat at X with the excavation to 
be mace lengthwise of the Hill, or the plant may be at Y, with the cuts to be - 
made transverse to the. long axis of the hill..-Im either case the plant would 
be within reach of the railway. At X it would be adjacent to the highway as — 
well, wnile at Y it would be necessary to build about a mile of road. At X 
quicker access can be had to the gravel’because of the steeper hill slope. 
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Figure 1—A, General plan; B, detailed stripping plan 
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| “it is assumed that the plant is at X and that. tueces are two shovels avail- 
a for stripping anc gravel excavation. The shovels are equipped alilte with 
a ae ‘<cwbic yard dippers, each naving a 24-foot dipper stick and a 32-foot boom 
nounted at 47 -9 from the horizontal. It is furtiuer assumed. that there is only 
a limited space available for Waste dump along the creel and the overburden 
mst be wasted to the excavated pit after the gravel is near No transpor- 
_ tation equipment is available for moving oven e eas 


Figure 1B is an “enlarg zed plan of the area oe which it is decided to enter 
tae deposit. Figure 2 shows a vertical section on a still larger scale along 
tze line A-A' as drawn on both 14 and 1B. 

The first procedure will be to take out the two stripping cuts a and b, 
Figure 1B. These are started about 10 feet above the elevation of the creek 
(it is assumed that the creek daes not flood). and are advanced up the slope of 
the nill to such a distance as will reach the upper side of the first gravel 
cul. The overburden from these two cuts is cast to one side and left. Next 
the stovels are turned and stripping cuts c are acvanced eitner in straight 
liaes or following the contour of the hitl, as desired. The overburden from 
cut c is cast downhill to x Figure 24. Upon extension of cut c to an economi- 
cal distance, cut d-is made. In this cut the overburden in place and that 
piled on it at x from cut ¢ is cast further: downhill to z, where it is out of 
the way and need not be moved again, as it is assumec that there is not enough 
gravel below it at that point .to.warrant menenel ine: 


The removal of stripping cuts c and d exposes tke surface of the first 
gravel cut. 2s ee satnceks 


: * one. shovel is now brought back to the beginning. of stripping cuts a and b 
“and starts: digring - gravel in a wide entry thoroughcut following the direction 
of stripping cuts a and b. Upon completion of this entrance the gravel shovel 
is turned and remo-res the first gravel cut, which is also a thoroughcut (Fig. 
24). The second suovel can then extend this same cut in the opposite direction 
or it can be left to strin furvrer. In the latter case it remcves stripping 
cut e, Figure 2d, and casts it over the gravel banixs benind the gravel shovel to 

f. This shovel can thus uncover the. second gravel cut. 

men the shovel has completed the first gravel cut it reverses its direc- 
tion, and in returning casts the overburden piled at f to. a permanent waste 

Sump at 7, Figure 24. Frem here.on the process is a simple repetition of this 
procedure, and successive bench cuts are made in the gravel as indicated by 

. the dotted lines. It will ve noted, however, that as the cuts are made into the 
nill the ratio of overburden he: — and gravel decreasés as increased bank 
seignt is gained. erg 


In this example no transportation equipment is required for overburden 
ronoval, and the shovels are used for both stripping and production of gravel. 


In making the first two: stripping cuts a and b, Figure 1B, the snovels 
mst dig up a.20 per cent grade. If this is too great.a grade for the 


727 ee es 


Google 


I.C. 6689 


equipment at hand to operate on properly, the point of entrance may be changed 
to B', Figure lA, and the start may be made in this ridge, which will provide 
a 10 per cent slove by advancing _ eee along the line ‘BieB. 


As an illustration of cost sa ieaie tian: out not an indication sts costs) 
it is assumed that digging and casting overburden in the manner described. 
will cost 8 cents per cubic yard. Disregarding the opening thoroughcut and. 
considering only the first gravél cut, for every yard ‘advanced in the gravel 
cut the following Ga eanere of vee will be removed erage ene 221.4 
cubic yards of gravel; 


Gu cubucded. 
Cubic yards 


aes steiopine: cut-c Cssseces,. ~ > S167 ~ 


“In stripping cut a cee acee --29.4 


‘Total overburden ee aecge : 


‘The overburden from’ cut c will have been moved twice while that from 4 
will have deen. moved only” once, therefore: 


aS Sy Bear sae” , oo 
31.7 cUbic yards at 16 cents = $5.07 
29.4 - do | 6. 8 cents * 2.35 

Total-cost ..... Porter ee "9,42 42 


Stripping cost-per cubic yard =: 
of gravel bee ererveetorsvese de ae 034 


In the second. gravel cut'‘there will be removed 35 cubi¢e yards of. over- 
burden which will uncover 228-cubic yards of brevets Since this overburden 
must also be moved twice it will cost: oe : 

-C¢ cost 
35 cubic yards at 16 cents = eee 


Stripping ‘cost per eibic yard | we 
‘of gravel ....:....6.. $0 .024 


| It is obvious that if’ thé’ shovels had shorter booms and dipper handles 
the preceding plan would have to be considerably altered. More than two cuts— 
would have to be made in place of c and d and more than.one cut would be 
necessary to strip the second gravel cut. Neither-would it be possible to 
‘pile’ overburden as high as is ‘shown at z,- Figure 2k. There will be some con-. 
tamination in casting overburden from @ over the bank to #, but wate: can not . 
be avoided except by providing naulage equipment. 


“he. ‘extra cost ‘in handling portions: of the Oreos the second time 
is i, by the’ saving in haulage cost. ae 2 2 bY 


In case the “deposit ‘below: the. floor: contained ‘commercial material. the 
method described would be less desirable because the dumped overburden ‘would 
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have to ve rehandled. In this event it would provably be more economical to 
provice dumping space at tne start and naul all overburden to it, even dt an 
added cost. 


As an alternative to tue preceding set of conditions it is assumed that 
instead of havin, the two shovels available, ti:e operator has one shovel and 
a drag-line excavator. The drag line is equipped with a e-cubic yard bucket 
and a 90—-foot boom hung at a 30° angle from the horizontal. The drag line 
will be used to do all the stripping and the shovel will be used to produce 
gravel. 


Owing to its greater reach the drag line will be able to strip both cuts 
aand b, Figure 18, in one operation and dump the overburden at x, Figure cB. 
Likewise as shown in Figure 1B, the drag line can strip cuts c and d in one 
operation. 2i8 means. handling the overburden only once. Also the overburden 
covering the second and third gravel cuts can be removed in one operation and 
Cumped clear of. the gravel banis, directly to the bottom of the first gravel 
cut as shown at y, Figure 2B. This eliminates contamination such as occurred 
in the former example. | 


For.illustrating costs it is assumed that the drag line will strip and 
cump overburcen at 8 cents per cubic yard. The first stripping cut will con- 
tain 68 cubic yards of material for each yard of acvance, and will uncover 
ecl.4 cudic yards of gravel. The cost per cubic yard of gravel will be; 


68 x $0.08 = $0.025. 
221.4 


Tne second stripping cut will also contain 68 cubic yards of material, 
but will uncover 406 cubic yards of gravel. The cost per cubic yard of 
gravel will be: | 


68 x $0.08 = $0.013. 
406 


The drag-line excavator used in the example is a larger macnine than the 
shovel and will probably cost more to install, thus raising the overhead 
stripping cost. However, the one machine will be able to keep two shovels in 
gravel production, and tne reduced cost of handling the overburden will un- 
Goubtedivy more than offset the added overhead. This, of course, assumes that 
the market will absorb tne increased production from the two shovels. If not, 
it will probably still be cheaper to use the drag line for stripping and oper- 
ate it only intermittently. Possibly the same crew can operate botn drag line 
ana shovel by doing the stripping in nonproductive seasons. 


A third condition assumes that the prospective operator has no digging 
equipment, other than the drag line itself. In this’ case the procedure would 
be the same as in the preceding example for the stripping cuts a and b except 
that the underlying gravel in the thoroughcut can be duz and loaded into cars 
28 the excavation proceeds. By this method the drag line strips a short sec- 
tion, casting it to the ban at one side. It then digs the uncovered gravel 
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to grace line. Tue same procedure is followed in stripping cuts c and d. 
Tne success of this met.iod in subsequent cuts will depend upon the steepness 
of the gravel benix wnich:can be maintained at the-face. As the pit is ad- 
vanced into the hill and tne gravel gets thicker, the length of slope of the. 
freshly cut bank will increase until finally it will become too great for tre 
drag line to reach cars.in-tne bottom of the dut. In this event the haulage 
line may be moved to the surface on unstrip~ed sround parallel to the stripping 
cut. Tuis will necessitate narrower stripping cuts so that the drag line can ~ 
reach. and load cars on tue higher level. It-will-also necessitate-the pro~ - 
vision of haulage grades in lowering the gravel to ‘the treatment plant. At: 
this point gravel dizcing may te abandoned by the drag line and a shovel ‘may 
be sasianledy ened oo ae haulage erecee. teas other Beery 

igure 20. illustrates the use of a estieways -‘seraper for: stripping the 
ground in the example chosen for the previous discussion: The overburdén ~ 
from the opening thes'o 1si.cat' can be removed in the-initial set-ip of the mast. 
Searing in mind that.the original assumption was that there was only a limited 
amount of ground available for dunip and no transpertation equipment was to be 
used, the scraper can.ve set. up to remove the first stripoing cut as shown in 
Figure 2C. The overburden is removed by parallel cuts transverse to the 
advance of the gravel cut and is deposited at a. If preferred, the tailblock 
and tower -can be set-back and gravel cuts 1, 2,--and 3 can all be stripped at 
one time in which case the material is dumped at b.’: “This ‘ties up considerable 
capital in str:vping in advance of production. - In case only the first gravel 
cut is stripped at the start. the overburden from -the-second and third (or 
more) cuts can be dregzed into the completed first gravel cut as atc. Be- 
fore the second gravel cut is started the scraper:must remove this fill c to 
its permanent position at d. This operation necessitates moving part of the 
material in the second stripning cut twice, but not necessarily all of it. 
A portion can be hauled to d in the first operation. Probably at least half 
will require moving twice, horever. Mis ‘method also ‘causes contamination, — 
(ane 5 of some gravel in dragging the overburden over the gravel bank 
24)(58). 


The illustration shovs the use of a bottomless scraper with power applied 
in moving both tne loaded and empty bucket. Similar installations are made 
in which the bucket is attached by chains to a trolley rumning on an upper 
or slack-line’ ¢able (38). As-the bucket approaches the dump the slack line 
or track cable is tightened. by the hoist dru, which raises the bucket toa.- - 
steeper angle. It can then be returned by’ gravity t6 the digging Robes the 
traci cable loosened, and the Scarce drawn to ‘the Gump: again, | 

To ‘1lustrate cost eateteny if the. first: a cut is stripped: Bienes: 
68.3 cubic vards of overburden: will be removed: in: uncovering 221.4 cubic yards 
of gravel. The cost may be estimted at $0.05 per. cuble yard-if a 1g-cubic. 
yard scraper is used which will move 380 cubic yards daily at the distance 
shown in the ee ce eaters dne~thi re the Leste agile eeeameres 
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Assuming that ‘the second Sloe cut. As. ee to c and at is necessary 
to renandle one-half of it to a, 73 cubic yares of, overburden will be moved. 
ae uncover 406 cubic yards of gravel. is 


If the cost of moving dne-half the airt to G is 5 cents per cubic yard, 
4 cents per cubic yard to move it cn to ¢, and 5:.cents per cubic yard to 
move one-half direct to G@ in one handling, we would have tne following SORE: 


' Overburden, ss | | 

cubic yards Cost 
36.5 at $0.05 Secure a iS oaeuete ‘sas SUBS 
655-60. 205, op wet aawecesecee leo 
Bbsb Gt  “.060.4 sen cednatasange sis he Ot 
MOtaL soak cinta ct eesene ee. 1500 
$5.20 = $0.071 per cubic yard of cverburden. 

$5.20 = $0.013 per cubic yard of gravel. 

46  — | : 


If gravel cuts 1, 2, and 3 are stripped at one time, and the overburden 
is moved to b, the cost ma; be estimated as follows; 


Tie removal of 141.3 cubic yards of overburden to b will cost 6.4. cents 
per cubic yard, and will uncover 627.4 cubic yards of gravel. The cost per 
cubic yaré of gravel will then be $0.014. 


The manufacturer's estimate of capacity for the drag scraper has been re-. 
duced by two-tnitds in computing costs because of the necessity for frequent 
moving of the head mast and tail pulleys on account of the shallow digging. 


In this ‘last ‘exanple it has been assuned that the #ravel will be dug by — 
suovels after sie" scraper has stripped it. The drag scraper might also be’ 
used to dig ‘the’ @ravel, but in such case better operating conditions would be 
provided by ‘altéfing the Gevelopment plan to fit the scraper operation. In 
other words, a development plan would be used which did not necessitate long 
cuts per-ilel with the contours or long axis ‘of the hill, as was assumed at 
the eae of this discussion of bank Peet! 7 


Stine seus other combinations of équipment miz nt. us suggested and doubtless 
could be applied with equal or better efficiency “under aqifferent local condi- 
tions or individual preferences, but the examples discussed will serve to 
illustrate several methods | of. development ana their acvantages and disad- 
vantages. . . 


. The costs used in Giese calculations are “to be coasinerea udicative only, 
and waile tuey are based on. actual operations they are subject to fluctuation . 
with local pliysical' conditions, wage scales, etc. Also while the costs esti- 
mated for oné type of equipuent are lower than for another, it is not intended 
to infer that that type of equipment is the cheapest to operate. 


oO? ome cts 
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If tue assumptions upon wich the preceding ciscussions.are based are 
changed to concede amplé waste space for a permanent dump and transportation 
equipment tere will be little change in the general mode of development. _ 
For snovel and drag-line stripyving the entrance thorougheut may be eliminated. 
Stripping will then start on the floor of the pit and proceed parallel to the 
exis of the 2:ill or to txe contour lines. The overburden will be hauled away. 
as it is dug. The initial gravel cut will then become a.bench cut. instead of 
a thorougheut. The drag scraver, however, will require the use of some form ~ 
of portable kopper to wnicu the material will be eoeeect and from which it 
may be loaded to transfer ecuipment. a3 


Txe cost of loading overburden to transportation equipment by shovel and 
drag line will be somewhat tigher tnan for simple casting. This increase in 
cost is due to the necessity for more careful manipulation to spot the dipper 
or bucket over cars or trucks while dumping. . Delays due to the absence of a 
continuous string of eapty cars increase digging costs. There will also be 
tie addec transportation cost, the amount of which will depend upon the length 
of naul, condition of saulage wajs, and type of equipment used. In some 
localities tere nity ve an poea prone iad for maintaining the dump. 


Simple casting in one.or two stag es will weially provide the most eco- 
nomical meti.od of pet sps when conditions are suci as to allow the use of 
tais method. i. 


In the examples ciscussed, the ratio of sveneuraen to gravel was low. 
If a higher ratio is assumed'- as for instance 20 feet of overburden — the 
wnole plan of development will have to be changed. For illustration, in 
Figure 2A the shovel, excavating stripping cut d, has about reached. its limit 
.in dumping height in the pile z. If 2 feet of overburden had to be removed 
this shovel could not cast it to’ z. .The drag line: in Figure cB, however, 
because of its greater reach’ would have less difficulty in casting the over- 
vurden clear of the workings, but narrower stripping and gravel cuts would be 
necessary. Te cablewa;y scraper also could be operated so as to drag the 
greater dept.. of overburden to a permanent dump. Tie cost of stripping per 
.ton of gravel would be greatly increased. The initial thoroughcut in gravel 
would have to start at about the tnuird Sravel cut in Figure. 2A because cuts 
1 and 2 would contain too aga a ratio of overburden to pay .to strip. 


Ciroular or Elliptical Cuts 


_ Altiuough a short entering tnoroughcut and an initial ore deeieuenene 
_were used to, open the deposit in the preceding examples, the development was 
arranged for straignt bench operation parallel to the long axis or contours 
of the hill. Opening by thorougneut normal to the hill slope involves driving 
the initial cut directl; into or through the deposit and enlarging the opening 
Within the deposit to a circular or elliptical working face. To some oper- 
ators tuis form of development affords an advantage over long straight cuts 
in vermitting a circular loading track in which no switches are required (51). 

_ Loaded and empty trains travel in a single direction around the loop. As the 
worming face is extended: and the diameter of the circle grows, much of this 
advantage 18, tost “in the Na ane | lengthening haul. Where more than one 
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+, Figure 3-Bank development by thoroughcut entry: A, using shovel; B, drag line: C. drag scraper 
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suovel is used for production it may become necessary to provide loading 
switches at each snuovel so that empty trains can pass to the shovel beyond. | 


Opening an elliptical face by thorougncut has the disadvantage of re- — 
quiring considerable stripping ahead of production. Until tne pit has been 
enlarged sufficiently to provide dumping space, the overburden must be re- 
moved to a temporary dump or else a permanent dumping area must be provided. 


Drag-line excavators equipped with long booms can cast overburden to the 
excavated pit if the bench height is not too great (13). 


Auxiliary equipment may be had in the form of a portable hopper to which 
is attacned a long cantilever boom carrying a conveyor belt.: With this unit 
ine stripping shovel may load to the hopper, which casts the dirt to the ex- 
cevated pit beyond the gravel digger (25). 


Circular bans operations lend themselves better than straignt bench cuts 
to development by cableway scrapers. 


Referring to Figure .1A,. the deposi may be opened by an entering thorough- 
cut at c and the plant may. be located at z. Figure 3A shows a detailed plan 
of tais area as desizmed for shovel stripping. : 


For vurposes .of illustratian, it is assumed that the same equipment is 
available as in the previcusly discussed examvles but that in the area shown 
in Figure 3A tnere is an average of 10 feet. of useless overburden. The heavy 
dotted lines show the proposed opening: of the deposit in an elliptical form 
witn eventual extension of the excavation in a southeasterly direction by 
successive curved cuts transverse to the long axis of the hill. A northern 
extension can be made by running a lobe into the low hil] in that direction. 
It is further assumed that both locomotive and cars, and auto trucks are avail- 
able for hauling overburden to temporary or permanent dumps. 


Under the first condition in which the operator has two 13-cubic yard . 
s.ovels available, the stripping may be. started for the entering thoroughcut 
by renoving cuts a, b, c, and d shown in full lines, Figure GA. These shovels 
will strip an area in which a thoroughcut 100 feet wide. at grade (shown by 
Gotted lines) may be driven. While various schemes may be employed the follow- 
ing is used as an illustration of, pracedure. Shovel 1 is started 10 feet above 
the creex level in cut a. When it has proceeded a sufficient distance, shovel 
2 is started on cut be. When shovel 1 has completed cut a to the 60-foot con-. 
tour or crest of the hill, it may continue and strip the top of the hill or 
it may be brought back and started on cut d. In the latter case shovel 2 upon 
comleting cut b would move over and take out cut c ahead of shovel 1. Upon 
completing cut c it may be returned to the base of the nill and start producing 
gravel in the entering thoroughcut. Shovel 1 upon completing cut d will then 
proceed with the stripping on top of the hill. : 


Since these stripping cuts mst be driven un a grade of approximately 15 
per cent it will be difficult to maintain a haulage track parallel to the 


_— 


ve? - 23 - 


Google 


I.C. 6689 


shovel advance on which cars may be spotted. Therefore it is assumed that the 
operator will use trucks to haul this overburden to the dumps. MNaterial from 
cuts a and b will. be tauled.approximately 500 feet-to a temporary dump at X. 

while. that from ¢ and a will be nauled to Y. The: trucks will operate on: the 

original ground. 


“This opening thorougucut to the 60-foot contour will involve the removal 
of ‘roughly 17,700 cubic yards of overburden, uncovering 25,090 cubic yards of 
gravel. Stripping cuts a and b will contain 6,200 and 5,200 cubic yards of 
overburden, respectively, while ¢ and d will contain 2,100 and 4,200 cubic 
yards. Material from a and b will be wauled 500 feet, while that from c and 
d will be ‘hauled about “200 feet. Tnis difference in havling distance will . 
make little additional cost because of the temporary nature of both dumps. 

It MAS », Pee require one more truck to serve the ee and keep it ‘busy. 

"Assuming | a cost ‘of £ cents per. ae yard for. iaclnes S cents for naul- 
ing to X, and 6 cents for hauling to. Ys the. cost of- stripping the entry 
ineroue man would be; 


Cost . 


Cut a, 5,200 cubic yards at 13 cents ...... eeeee 9806.00 

Gat by 5200. BO on IB AD. terete ee 676.00 

es = Cut: ic; 2,100 . do os a re do... os SReenaetes 294.00 
le “Cut d,°4,200 ~~ do ~ UG do ‘Bveaeoeree we... 60s00 
Total Cost Jececceceees wen cccccccee 2p G04.00 


This: represents B stripping cost Of 43. 4. cants per cubic yard of | over- 
eae or 9. 5 cents per cubic yard of grays uncovered. - 


“Shovel pe having gompiéted cut ‘ae wilt ‘proceed to remove No. 1 stripping 
cut as shown’ in Figure 3A. This cut may be driven for whatever distance. s- 
deemed economical. In. the. example it is. taken as 550 feet, at which point 

he direction of the shovel is reversed and. it returns on cut 2. Haulage 

“tracks to dumps X and Y from cuts 1 and. 2 are snown. These.may be connected 
aound the ends of the stripping cuts and the material moved to either dump at 
will. Trucks may be used in lieu of locamotives and cars on this haul. 
After ‘completing cut 2, the direction of ‘the shovel is again reversed, and 
it starts worl on cut Bim. In, cuts A. and 2 shovel 1 has removed roughly 23,000 
cubic yards of overburden. ‘ During this, period shovel 2 should have. about 
complétéd the entry thoroughcut, jn the gravel. As shovel. 1 now advances on 
No. 3 stripping cut, siovel 2 follows. in gravel under what was stripping cut. 
2. In this manner one. shovel. strips. ahead. of the other, malcin? cuts as indi- 
cated by’ the arrows.. The. gravel snovel removes gravel-cuts located the same 
as the stripping ‘cuts but, oe on. cut 2 and reverses direction returning . 
under cut, os sh ces a ee Je Pa ee 

By his. “method ; &. minimum of fAoroughcutting. is necessary: jena advance: 
stvtpplne: is. confined to cuts 1 and 2... The excavation face. is, carried in. 
elliptical form and an endless haulage system may de naintained at all. bins. 
No overburden is returned to the excavated aus and i permanent sue must ne 
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maintained Yecause tne stripping skovel has not: sufficient reach. to’ re into 
the pit beyond the gravel track. As the face advances beyond the stripping 
cuts shown. in the drawing a permanent oP will ve established at Z and those 
at X and Y will be abandoned. oe 


| The -hauling distance for material from stripping cuts 1, 2, and 3 will 

be roughly 300 fest. Because of tne more permanent cnaracter and lower grades 
of the haulage way, a transportation cost of 5 cents per cubic yard is assumed 
in spite of the increased distance. It is also asswmed that the shovel digging 
cost will have decreased to 7 cents per cubic yard on the top of the nill. 
Aa eg of eee cost will then be as follows: 


Cost 
Stripping cut 1, 13,100 cubic yards at 12 CONES ..+.seeeeee $1,572.00 
; DO a x ra ll, 100 : -do. e@eceveveseece 1,352.00 
LO | oO; le, 500. +. do Co oe | eve 1,500.00 
Do. 4, 12,500 . do _  . eaSrarwesutd<e 1,500.00 


“SEY crersne desea eestcine re veescces 5,904.00 


these. four cuts will uncover eayel cuts 1 and e whicnu contain roughly 
80,000 and 47, O00 or a total. of 127,000 cubic yards. The stripning cost is 
then $0.047 per cubic yard of gravel uncovered. «Stripping cut 4 was included 
in the above calculations because a circular haulaze traci can not be installed 
until gravel cut 2 has pec removed; This necessitates the completion of 
stripping cut 4 oe _ w= a ; 8 - 


‘Completion of pee cut 2 2 and sine cut 4 finishes what may be 
termed “the. ae development, " and the cost may be summarized as follows: 


Cost 
. Stripping entry thoroughcut ...0.. cee ee eee eee eee ie hee ta . $2,354.00 
: . Thorougheut in gravel, 25,000 cubic yards at an. conve saeee ~070e00.00 
' §tripping cuts 1, 2; 3, and 4 ......6..%. pemciawsee oar wecees 5,904.00 
Gravel cuts 1 and 2, 127,000 cuvic yards a 21 cents ....._£5,470.00 
| Total: tacesdenceedddeteeiee cen 40,108.00 


- The assumed.cost of removing 66,900 cubic yards of overburden amounted 
to $6,268.00, or an average of 12. 3 cents Poe cubic yard. 


| A total of 152, 000 cubic. vende (228, 800 tons at 3,000 a per cubic 
vey) of gravel was removed in development. The stripping cost. was 5.4 cents 

er cubic yard of gravel or 3.6 cents per ‘ton. Assuming an excavation cost 

Tor the gravel.of 21 cents per cubic yard (digging and hauling) or 14 cents 
ber ton, the cost of development was 17.6 cents per ton of material recovered. 


Since the removal of 1 cubic yard of overburden in subsequent operations 
will uncover A cubic yarcs:or 6 tons of gravel the operating cost for stripping 
will be 0. 128 a 0351 Rene yard, or. - $0. Sete per ton of gravel. 
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In the second example, in which the operator has one drag line and one 
hovel available; the - development - ‘scheme may’ bé carried on along a similar 
en plan, ‘although the details will ve quite different. Figure 3B shows 

a plan of development for this combination of equipment. : | | 


The drag line is started in stripving cut 1, wich because of the — 
reac of the drag line may be 160 feet wide. The machine can also cast the 
overburden to the side of ‘the cut ‘and tims avoid the expense of hauling it to 
temporary dumps. Eaving completed stripping cut 1 to the GO-foot contour the 
machine is returned and started-on cut-2, ‘the material from which it also 
casts to the side, as shown. ‘Vith-cuts land 2 stripped the shovel can start 
producing erevel from tue. entesins thoroughcut, 100 feet wide on grade, as 

s..0Wwn by. the dotted lines. 


“The: Grag line then continues work on stripping cut 3 which is also 100 
feet wide. Material from this cut mst be hauled to temporary dumps either 
by locomotives and curs over tracks as snown, or by trucks. Proceeding an 
economical distance (COO feet in the illustration) the drag line returns on 
cut 4, also 100 feet wice, the overburden from which is hauled to temporary 
Gumps. This leaves an area 200 by 300 feet in size ready for excavation. 
Tue gravel shovel now eatend the deposit by thorougheut a and returns “by 
bench cut b. 


The — line has ceartee Sack on stripping cut 5, winich is say 50 feet 
wide. A part of the material at the start of this cut will have to be hauled 
to dumps, but when the siovel has completed cut b and starts bacix on cut c 
the drag line can cast material from cut 5 to the excavated gravel cut b, 
thus avoiding a haul to permanent dumps. Thereafter the drag line precedes 
the shovel and casts the overburden to the cut just completed by. the shovel. 


In stripping cuts 1 and 2 the boom of the drag line will have to be ele- 
vated to 40° from the lorizontal to obtain sufficient height to dumr t: the raste 
piles. In cuts 3 and 4 the same angle may be used, but in cut 5 the boom 
must be lowered to 30°, or lengthened, to provide sufficient reach to- dump 
material. beyond the gravel tracks. | 


Stripping cuts 3 and 4 may be ex ‘ended considerably beyond the distance 
si.own-in the illustration. They have deen stopped at 300 feet in the example 
to provide a ininimum area from which the overburden must be hauled to dumps. 
It is obvious that in rounding the inner ena of stripping cut 5 the excavated 
area in gravel cuts a and b will not provide sufficient space for the over- 
burden. Part of this material will have to be hauled to dumps. <As tne exca- 
vation increases in area, however, this difficulty will be overcome and all 
the overburden may be cast to nee excavated area. | 
hesenene that tne overburden from cuts 1 and 2 will be cast to the side, 
and that from 3 and 4 will be hauled to the dumps X and Y, the following 
illustration of development cost may be computed. It is considered that de- 
velopment ends with completion of gravel cut b and before’ starting: stripping 
cut 5. Drag-line excavation is assumed to cost 8 cents per cubic yard in 
cuts 1 and 2 and 7 cents in cuts 3 and 4, and shovel excavation to cost 21 
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cents per cubic yard in gravel. Haulage of overburden to dumps X and Y is 
assumed to cost 5 cents per cubic yard. 


_Cost_ 
Stripping cuts 1 and 2, 17,700 cubic yards at 8 cents ... $1,416.00 
Stripping cuts 3 and 4, 30,500 do l2 do  ... 3,660.00 
Gravel entry thorougkcut, 25,000 do 21 do aw, (Opeous 00 
Gravel cuts a and b, 74,000 do el do ..._15,540.00 
Total development COBt .... cece rece veer eurvucs eeseee 20,806.00 


The average cost of stripping is 104+ cents per cubic yard of overburden 
or 3.4 cents per ton of sand and gravel recovered. The total cost of develop- 
ment i8 17.4’cents per ton of material recovered from the development. 


Since thé removal of 1 cubic yard of overburden in subsequent operations 
will uncover “4 cubic yards or 6 tons of gravel and the overburden will be 
cast to the excavated pit without hauling, the operating cost for stripping 
will be $0.06 = $0.02 per cubic yard or $0.013 per ton of gravel. 

4 


Figure 3C illustrates a method of development by the use of the drag 
scraper and snovel, as in the third aeeuued set of eauipment. 


The drag scraper is set us first to remove the overburden from the entry 
thoroughcut and the eastern portion of the deposit to a permanent dump at A. 
Tre scraper is then set up to remove the overburden from the nor thern portion 
of the deposit and to dump it at B. Having completed this stripping the 
scraper is next moved to C, where as much dirt is dumped as the space and 
elevation will allow. Then a second scraper is set up to rely the material 
from C and haul it to the permanent dump at D. These two scrapers will work 
together, and by their use all but the extreme western portion of the pro- 
posed pit can be stripped, 


This arrangement is designed to provide the simolest manipulation of 
equipment for stripping wituout regard to the extra investment involved in 
extensive stripping ahead of production. The overburden is removed in radial 
cuts in circular segments as shown. This involves roughly the movement of 
177,000 cubic yards of overburden an averaze distance of 500 feet to dump A 
end 112,000 cubic yards a similar distance to B. The removal of this over- 
purden would uncover rougnly 1,113,000 cubic yards or 1,670,000 tons of sand 
end eerces 


Taking 75 per cent of the manufacturers estimate of capacity at this 
hauling distance for a 3-cubic yard scraper, the cost of stripping may be 
estimated at 9 cents per cubic yard of el a or 1s cents per ton of 
sand and gravel. 


With 390 cubic yards as the average daily capacity of the scraper and 
500 cubic yards as that of the l}~yard shovel, the overburden would be re- 
moved from the two segments in 741 days, but it would require 2,265 days to 
remove the gravei. Obviously this arrangement would tie up considerable money 
in stripping which would have to be carried as a deferred charge. 
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Tlie scizeme gust “iscussed involved stripping tne entry thorougncut with 
the scrapers This wors ma be done br the shovel ‘as in Fisure 3A and the 
scraper started at tie 60-foot contour. A further change may be made by con- 
fining the first strioning coing to Gum A to that area overlying gravel. cuts 
1, 2, and 3 as’ shown on Fi;jure SC. Gravel cuts 4, 5, etc., may then be par- 
tially stripped to dump B. Referring to Figure 3C, the area a, ad, f, g, (the 
entry thorougcut): will be stripyed by the shovel. Area z, f, e, b will be s 


a aaa to. oe ane area &; fe ¢ to dump 3. | 
ae a 


-_—- —_ 


one calealaTions: indicate tne followin? quantities and costs. 


a oe | | : ae Cost 
Entry ereecae, 1, 700 cubic: ures overburden at 13.4 cents ... ae 364.00° 
Area g, f, c, db, 38,400. . do a0 at 7.5 «Go . 2,655.00 | 


Total ceveloninent ‘stripping a ee ee 5, 019. 00 
Scraper pormoemie: is eattnated at 7. o cents because the average haul in 
this case would be only 400: feet. 


Tie eadayel: of this overburden would uncover the entry thoroughcut and 
also gravel cuts 1, 2, and 3. Cuts 1 and 2 could now be made without further 
stripping; “but- cut 4 would have to ve stripped before the rémoval of cut 3 
because of the slone.- Stripping of cuts 1 and 2 and their remoéval will com- — 
plete development and permit the installation of an elliptical haulage system. 
Beene stripoing may be continued with production. 


peverondent. stripping will permit removal of roughly 25,000 cubic yards 
of gravel from the entry ‘thorougucut and 80, 000 yards from cuts 1 and 2. 
Tzerefore the stripning will cost 9.5 cents per cubic yard of overburden or 
Sod cents pen ton of sravel recovered. 


On: a time basis the stiovel elise the entry thorouzheut in 35° days 
and remove the sravel from it in 50 dass. It will require 100 days to remove 
cut l, ora total of 185 da: s zoe tire Snover: to advance to the inner end of. 
cut l. 


The scraper will nave removed the overburden from cuts 1, 2, and 3 in 75 
days so that it will de well ahead of the sho el and will have started strippirg 
cut 4 before the s::ovel reaches cut 3. | 


It will ie noted that:-‘the rravel cuts’ have' beeh driven parallel to the 
oO-foot contour and not directl; into the deposit. In coinz this the pit face 
is advanced from one side only of tne opening thorousheut 1, but a permahent. 
naulazge bl ey US iieintained in cut i for empty: ‘trains entering the ae | 


Blevated Rate’ Depos ites 


T..cse deposits of sand and sravel wiich are located on the tops of moun- 
tains or eroded plains occup,ing a position of considerable elevation above 
the general land surface do not present problems in development greatly differ- 
ent from those of deposits composin:; the: whole hill. The preparation of the 
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cenosit for exploitation will follow the same rules in Doth cases except for 
tze method of transferring the recovered material to the treatment plant on 

tue lower level. l:is must be considered in laying out the develcnoment scheme, 
cut since it affects the preparation of the Cenosit itself only in a minor 

wat and tae problem is in realityy one of interplant transportation, a discus- 
sion of tris phase falls more logically uncer the neac of excavation and 
saulage. For tinis reason discussion of this type of banic deposit will be 

left for future publication under the proper ieading. 


Thick Banlt Operations 


There are some deposits which present problems peciliar to their extreme 
vertical thickness. These are exemplified by the great alluvial cones of the 
Vest and the beach deposits of Great Salt Lake. <Attaininz a thickmess at 
‘times of several hundred feet, the operation of sucrn a bans by single~bench 
methods woule present a safety ‘problem of ‘no mean vtoportions. The natural 
slope .of tiiese cones nag .been eroded to an angle wiin tie “xorigontal less than 
taat at whicn the material will move by gravity. Uncercutcing by siovel at 
tre toe of the slope is:apt to loosen the material so tit dangerous slides of 
t26 upper bank occur. These slides have been imown to bury the entire shovel 
end naulage equipment at times and to cause loss of life. This difficulty has 
been overcome at some plants by the use of hydraulic jets to cave the bank 
ahead of the snovel (54)(50)(67). In some instances tnis type of deposit can 
be worked in multiple benches, starting at the ton. Development of the 
tighest bench then becomes a problem similar to those described for ordinary 
banks except that provision must be made for lowering material by curved 
descending naulage wats, switch backs, or inclined gravity planes. Develop- 
ment by such means will be discussed under the headin; of excavation in a 
later circular. 


In some instances, however,. this type of denosit. may be worked in the 
form of an inclined trouch or inverted cone (27)(32)(53)(63). This method of 
operation lends itself readily to the use of drag scrapers. Ordinarily such 
deposits present such a low ratio between overburden and gravel ,tl:at the 
former may be disregarded. entirely. The overburden is allowed to cave onto 
the gravel and is excavated along with it. In case the ratio is considered 
too: high for elimination of the overburden in the washing plant the scrapers 
maybe get up to remove the overburden directly to permanent eee to 
movable: coppers from which it may be hauled to dumps. Figure 4 illustrates 
a thick Ceposit operated as an inverted cone by drag~-scraper methods. The 
eravel is assumed to be 300 feet thicls above the plain at the base and to be 
covered with 5 feet of overburden. Normally this would be an exceedingly 
toick mantle for this tyne of deposit. The area shown in plan contains 
rougily 3,000,000 cubic yards of recoverable material of which less than 
200,000 is overburden, or a ratio of 1 overburden to 40 gravel. Ordinarily 
under these conditions the overburden would be disregarded and excavated along 
With the gravel and tere would be no som-called development. The drag scraper 
would be set up at C at tie base of the hill with the tail pulley at the top 
of tne slope, and excavation would begin. The initial excavation, nowever, 
Yould obviously have a much increased overburden ratio. This might be so 
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Great that tiie material from tne first shallow cut would nave. to be hauked eG 
2 waste dum. Subsequent cuts, however, would cave the overburden exadially 
so that it would be thoroughly mixed with the gravel. ee ae mm 
If it were necessary to strip the slope of the nill this could be done by 

setting the scraper mast to the right (fig. 4, Y) or left (fig. 4, X) of the 

Gravel digging position and scraping the overburden to waste piles on the 
plain. Tue top of the hill would lave to be scraped back from the. enoEee 


The illustration shows prozressive excavation cuts with the first posi- 
tion of the tail pulley at A on the top of the slope. It is then gradually — 
moved baclix to B, tien radially to C and D, and so on to the limit of pauline 
Gistance (in this case chosen at 1,000 feet.) 


Hydraulic Development 


At a few deposits the overburden is removed by hydraulic stripping, and 
in one or two instances the underlying sravel has been hydraulicked to a 
central swnop, from which it was lifted by pump to the treatment plant. 


Hydraulic opcrations are limited to those few deposits having the peculiar 
physical characteristics suitable for that type of operation (60). A first 
consideration is the presence of sufficient water supply. This should prefer- 
ably be located above the deposit in order that it may be moved to the point _ 
of use by gravity at sufficient pressure to be effective. Hydraulicking with 
water pumped from a lower source, although practiced in some instances, 
loses much of its advantage due to the cost of pumping. <A second consideration 
is the surface slope of the deposit, which should be toward a-‘deép ravine or 
drainage basin of sufficient size to accommodate the material washed to it. 
Because’of local regulations it is not always possible to wash overburden into 
streams, so toat the dump must be impounded in settling basins behind dams. 


There are other conditions necessary where the deposit itself is to be 
hydraulicked, but these relate to excavation and will be discussed under pro- 
duction methods. One requirement, however, must be considered for hydraulic 
development; Transportation of gravel in flumes or sluices from the working 
face to collection sumps requires operating grades of from 5 to 10 per cent, 
depending upon the coarseness of the material transported and the type of 
sluice used. This means that as the working face proceeds away from the plant 
its lower limit rises rapidly. Thus a sluice requiring a 10 per cent grade 
will render 10 feet of gravel unavailable in each 100-foot advance of the 
face. It is obvious that a deposit must be of more than ordinary thickness 
or be deposited upon an inclined stratum to be extensively worked by this 
method (60). Collection sumps at grade level may be made at intervals as the 
face advances, and tiie sluices should be kept short. This will overcome the 
grade difficulty, but it means pumping rather than sluicing the gravel an in- 
creasing distance to tne plant, and consequent added expense. Devclopment 
for hydraulic operation must take this item into account, although if the 
overburden only is to be removed by hydraulic methods it becomes of minor 
importance. 
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Figure 5.— Plan of hydraulic operation 
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Hydraulic methods where conditions permit are cheap and eff icient. Large 
quantities of material can be moved with a minimum of labor and. equipment, 
and tne gravel surface may de. ‘washed clean of all: deleterious material. 


There is little data svavicbie pemasiivia the movement, of overburden by 
iycraulic metnods. Many tables have been publisned showing: the quantity of. 
gold—vearing gravel moved per. miner! s inch of water used ‘put these can not be 
aeoplied indiscriminately because the cutting: power of ‘nyéraulic giants does 
not always coincide with the transporting power of the water used. <A heavily 
cemented or clay bank may cut so slowly as. to: ‘produce’ much less material than 
the water-used ih cutting may be capable of:- transporting. On the other hand 
a light: overburden may cut.and wash away mich-faster than would be the case 
were the ‘same ‘giant. and water used in gravel. AS an’ ‘indication of the digging 
power of water. ini hydraulic gold-mining operations, records show that excava- 
tion of from 0.27 ‘to 7 cubic yards of -gravel per 24 hours is possible with a 
volume of 1 cubic foot of water per minute. . Stripping light overburden from 
gravel would probably conform to the oe pierces in this range. 


Operating costs range all the ray roe ‘Bh to: 25° cents’ per. cubic yard for 
material moved’ by water under natural head and: un to 60. cents wnere the water 
is supplied: by’ pumps from a lower levele! 9 = = 


Development for hydraulic. stripping includes the location of reservoirs 7 
above thé deposit into which. the water is led by ditches or streams. From . 
these it is conveyed by pipe. line to the deposit. Provision must be made for 
ditches or sluices to convey the water and overburden from the working face 
to the permanent dump or ‘ravine or behind retaining dams. iIf the latter are 
required they mus t be located where they will be of most benefit to the oper- 
ator and least damage to others. All this entails designing reservoirs, 
ditches, pipe lines, sluices and disposal sites to the best economic advantage 
Waere no natural nead is available, development requires the installation of 
puups and: pipe lines to bring the water from available’ sources. 


Figure o ‘shows a plan covering an alluvial fan area An’ which conditions 
are suitable for hydraulic stripping. =~ a 

It is eaceaea that he area anion pene iaeeatien has ‘deen thoroughly pros- 
pected and that above the 1,500-foot elevation the alluvial fan has been found 
to contain a merchantable deposit of sand and gravel covered by an average of 
10 feet of overburden. The deposit itself consists of a typical mixture of 
coarse and fine gravel and sand witn some clay lenses. It is decided to 
ge nydraulic methods for both stripping and excavation in ader to utilize 

tie proliant y: washing in pONenes the clay. | sa 


The exploitable deposit ‘gonforms’ roughly ‘to a truncated pyramid with a 
base outlined by A, B, G, D, Figure. 5. . 


A ee calculation siows the presence’ of 30,000,000 cubic yards cf mater- 
ial of Which the overburden, averaging 10 feet'-deep, conposes about 3,000, 000 _. 
cubic 3 yards; leaving 115,500, 000 tons of marketable material, inclusive of the 


clay, within” the déposit. A production of 5,000 tons daily could be maintained 
tor over 60 years. a ee 
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Assuming tuat a flow of 1 cubic foot of water per minute applied hy- 
draulically will remove and sluice 3 cubic yards of overburden or 2 cubic 
yarcs of gravel in 24 zours, the removal of 1,000 cubic yards of overburden 
Gaily will require a flow of 350 cubic feet or 2,625 gallons per minute. 


If the point X, Fisure 5, is selected as a suitable location for the 
screenings plant thie slope of the gravel hill immediately adjacent (base B, C) 
will contain rouznly 1+. million cubic yards of overburden. Removing this at 
tne rate of 1,000 cubic vards daily vould require over tiree years; therefore 
it is assumed that double this quantity of water will be necessary. for strip- 
ping, or 700 cubic feet per minute. _A hydraulic giant with a-3-inek nozzle 
operating uncer an effective nead of 300 feet will throw approximately 5350 
cubic feet of water per minute; therefore 700 cubic feet of water ‘per: minute 
will operate 2 giants and »ermit the removal of 2,000 cubic yards, of. over- 
burden per <4 hours. Upon stripping sufficient area only one giant. need be 
cept’ at the stripoing, while the. other may be used to mine tne gravel. -. 


_. Since production is required at the rate of 5,000. tons or 3,333 cubic 
yards daily, at leas* 1,700 cubic feet of water per minute will be needed for 
gravel production, ti.ida with, saz, 350 cubic feet on subsequent stripping 
Will total 2,050 cubic feet or 15,3875 gallons of ALE per minute. 

“This then maz be taken as the assumed water requirement. The first step 
in the development program is to locate the water supply and to determine. the 
method of transportation and location of pipe lines or- epeenee 


Preliminary prospecting it ‘is assumed has soa thee: the main setvace 
_ through the property has a flow; of 25,000 gallons per minute mene Oxy 
Season; ‘tuerefore ample water | supply is assured. : Range ge 


Since there is a difference. of 500 ‘eat in elevation >etween the bottom 
ana top of the gravel deposit, tne location of a water source at the proper 
head for hydraulic overations at the base of the nill vill not give sufficient 
head at the top. If the source is located for sufficient,head at the top of 

he deposit tue pressure at the base will require some pressure~reducing de- 
vice. Therefore two sources of water supvly have been selected, one .at E: 
for tue lower operations and ome at F for the upner workings. Each-will sup- 
pl: water at GOO feet of head, wuich is more tlian is needed for hydraulic . 
operation~-400 feet of head being the ordinary maximum pressure used. 


Tze water from F may be carried by open ditch to a reservoir at G and 
there turned into the pine line. In order to provide proper facilities for 
removing the water from the creei, small dams will be required at E and F 
and a reservoir aj G. From E a pipe line will convey tthe water to: the base 
of the hill at E where stripping vill bezin. From G the, water will be con- 
veyed by pine line to I at the of the hill for stripping operations there. 


Tue next problem cont bate ne operator is the disposal of waste: over- 
burden. It is assumed that lacal regulations forbid dumping this material 
to ruaning streams. 'It must shen be confined behind dams in poeaarne Paetue: 
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Tiis can be done b;" constructing an earth dam in the second creeix at J. The 
construction of the dam itself can be accomplished by manipulation of the 
stripping sluices. As tre basin fills up, more material can be built up on 
tne damn. ) a 


In order to carry the overburden to the dump site at J, the ditch K will 
be necessary. This ditch as shown is cut on a grade of 5 per cent which is 
considered ample to carry the overburden. It will be noted that the upper end 
of the ditch is considerably above the 1,500-foot contour or base of gravel 
operations. Material lying below this ditch and above the 1,500-foot contour 
can be washed to tue hollow at L through a second ditcn, as shown. For strip- 
ping the top of the deposit a third ditch is constructed to deliver waste to 
a dump in the valley at hi. 


This completes the major operations and stripping is started at H. ‘The 
giants wash the overburden down the hill to the ditch K in which it is carried 
to the dump. The giants ma; be moved up the slope of the nill as shown by 
tue circles, and stripping may be extended laterally as shown by tne curves. 
Gne disadvantage with this method is that the moving overburden and water 
pass continually over gravel that has been stripped at a lower level on the 
hill, As a variation, aftér the first stripning has reached the top of the 
Lill the giants may be so directed as to cut parallel strips down the slope 
of the hill and thus leave the previously stripped area dry. To do tiiis, 
owing to the local contours, Would necessitate a triangular-shaped stripping 
aréa with the base of the trimgle at the upper elevation. Considerable 
stripping alead of excavation would then be required because the latter would 
start at the base of the hill. 


In case the overburden was thin and not heavy clay it is extremely doubtful 
if stripping would be necessary in this example. ‘The ratio of overburden to 
Sravel is low and hydraulic mining will prevash the material rather thoroughly. 
In such case production would start at H by hycraulicking to a sumo from which 
tre material would be pumped to the treatment plant. 


In computing the cost of cevelopment in the example cited, such items as 
ta.e construction of dams on the creek, reservoir at G, Citches, and dumps at 
J, L, and M mst be included, together with a proportion of the cost of laying 
pipe lines. The cost of stripping such area as was necessary before excava- 
tion of gravel must also be included. Since the example cited is purely 
theoreticel and the cost of the items mentioned will vary greatly under 
Bpecific local conditions, cevelopment costs are not computed for this example. 


PIT DEPOSITS 


Deposits of sand and gravel which are operated as dry or wet pits may be 
of any geologic origin. The method of operation is governed more by the loca- 
tion’ of property lines with respect to topography than by the genesis of 
deposition. As may be expected: they also present a. variety of conditions with 
respect to thitkmess and character of both o¥erburden and contained material. 
Another condition to be considered, absent in bank Spore tt One is the presence 
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of permanent zround water and its position with. reference to the gravel bed. 
Tis will in most cases. determine whether the deposit shall be operated as a 
ary or wet pit. Altiougn it may be possible to work the upper portion of 
sowe deposits dry it may be found more economical to work them wet as a whole. 
In such cases that part of the dencsit above ground water is caver, and ex- 
tracted from below the water. surface (44). “Ke 


| The selection of onerating gavtencat will also be governed by the posi- 
tion of the ground-water level. .ObViously power shovels can not be operated 
where material.is removed fro. below water level; lilkewise dredges can not be 
used in ary. excavation... Te 
Power si.ovels, drag-line excavators, draz or slack line scrapers, or a 
limited application of iyydraulic. equipment maj; be used in dry pits.. The wet 
pit may employ the dragz~line excavator and drag scraper but not the power _ 
soovel except for st cinoing. Hydraulic equipment is employed in wet pits as 
an accessor; to some otuer method but not.as a producing medium (8). In. 
addition, wet pve ing’. use the various types of dredges. B03 


_ The same discussion pepiies as to the necessity for ‘stripping pits as 
for. banks.. Heavy clay, ordinarily will require stripping ahead of produetion 
from dry vits. — If tae clay is relatively thin it may .be caved and removed 
with the gravel for separation at the plant. Heavy. overburden may be caved 
and removed witl. tre cCravel in.wet pits because in. doing 80 the material is 
prewashed to an even greater. extent. than in hydraulicking bank deposits. 


Waere the overburden is tnin and of a sandy Satire it may at ‘times be 
disregarded in both wet and dry operations. If.it is of a high ratio. compared 
to the gravel it may: be. necessary to strip. in either type of operation.. Be- 

_ tween. these two. extremes there lie a variety of conditions which require 
careful, scrutiny. For instance Suppose a deposit. contains 30 feet of gravel 
oelow 10 feet of clay subsoil, and {the water level lies at about the mid- 
point of the gravel. To operate such a deposit dry only 15 feet of gravel 
could be recovered and that only. after the removal of.10 feet of clay. To 
excavate gravel and. overburcen. togetier ary, under these conditions,. would 

entail an almost nromibitory. load.on the. washing plant. By operating the 7 

deposit as a wet nit and caving the overburden, the whole 30 feet of gravel 
may be recovered. It is truc that caving the clay will entail more thorough 

wash ing in the plant than if it were stripped off first, but the preliminary . 

washing received by caving into the water will greatly reduce this plant duty. 

The added plant expense may be more than offset by the saving in stripping — 

cost. 


: ; Now suppose .tie. ground-water leyel was only 5 feet. above the bottom of 
the grayel.. Operating dry, 25 feet of gravel: could -be renov.ed for. 10. feet 
of stripping, .- While this. would entail a rather heavy: stripping expense, it 
might. not be prohibitory. If no. stripping were done, the washing plant — 
vould. have to remove 40 per cent. of tne material. coming to it. This would 
constitute. a heavy load on the. plant... To.. operate. wet. there would be only 5 
feet of water in which to float dredging equipment. Such a depth, while 
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possibly not pronibitively shallow, is nevertheless verging close upon that 
state (40). In any case, to cave 10 feet of stripning and 25 feet of gravel 
into 5 feet of water would offer doubtful econom: in preliminary washing. 
Tie probable solution in this case would be preliminary stripping, followed 
by excavation with drag line or drag scraper, with overburden to be cast to 
eee excavated pit. 


In case tue ground-water line were only 5 feet below the top of the. 
gravel it would be out of the question to striv 10 feet of overburden for 5 
feet of gravel in a dry pit. The solution would obviously be a wet pit oper- 
ated either by drag line, drag scraper, or dredge. FEydraulic methods for 
either stripping or production have had little application to gravel—pit 
operations. Because the desired material is below tire surrounding land sur- 
face, any water brought into the pit for hydraulicking must be pumped out 
ajain. Wkile this system is in use in recovering pebble phosphate, it has not 
been widely used in gravel procuction. 


The physical characteristics of the deposit itself will also have con- 
siderable bearing on the selection of metiois. A pit deposit containing 
large quantities of clay snould be worked wet, other considerations being 
equal. Tre degree of cementation existing between sravel rarticles or in 
lenses may change the choice from a pump dredge to a dipper or ladder dredge 
(35). Also a high percentage of bowlders in the deposit may prohibit vag use 
of a pump dredce or even-of a ladder dredge (57). 


Pit deposits are jnveeten worked in horizintal slices. This applies 
woether the pit is operated dr; or wet. However, the wetnod of operation of 
the horizontal slice or bench may be almost as varied | as the equipment avail- 
able. 


In the matter of transfer of material from workinz face to plant, condi-~ 
tions in pits differ from those in banks in that all material must be elevated. 
Tais does not necessarily require the use of different transportation, equip- 
ment but ratker requires the expenditure of more power in lifting ererse 
from pit floor to plant level. 


Hrom these few conditions, it will be seen that the first problem to be 
solved in pit operations. is whether they shall be operated wet or dry. The 
next problem is to select tie type of equipment that shall be used. With 
these two problems decided the development method may be laid out. 


Dry Pits 


The plan of development for a dry pit will depend upon the type of equip- 
ment to be used in excavation. The material must, in all cases, be elevated 
from the pit bottom to the ground level. In shovel excavation the material 
is elevated by transportation equipment, but drag-line excavators or drag 
scrapers may themselves be the elevating units. Shovels operate on a worling 
floor below the bank being excavated, so that development designed for this 
type of equipment mst provide for access to and egress from a working level 
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below the srieiel surface. Drag-line excavators or -drag scraners,- on the 
other hand, operate from the surface, or the top of-the gravel after strippinc. 
with Chenin: GR es 1 surface is used for haulage and it is not necessary to 
jJevelop a lower working level excent where the thickness of the deposit re- 
quires excavation in multiple benches; then elevation of pit material to. sur- 
face requires some means of transvortation besides the digging equipment used. 
Installation of trans»ortation equipment and planning fcr its operation ‘on 
other than the top bench becomes'a ‘problem of operation. wether than eis 
ment and will be Giecuelee as such. ~ , ee a eee _ 

The study of ‘dry- mit asl onment will then be. bedrinede to the airtel 
proparation of. pane re=Denen OOeneeEcnS or to the first of a series of Se a 
PanSnoss ae » : Bie a oes 


oe Shovel operation the pit may be entered by either a straight or 
curved descending thorougncut. The length of the entering thoroughcut wiil 
depend. upon the distance of the working level below the ground: surface and the 
grade required by the haulage equipment. For example, in hauling gravel from 
dit to plant: by loc. motive and cars, ordinarily track grades are kept below oO 
per cent, and:3 per cent is usually considered a maximum for: permanent tracks, 
This means that a thorouzghcut on a 3 per cent grede entering a deposit of | 
sravel 30 feet thick lying under 10 feet of overburden must be 1,323 feet, lone 
before it reaches tne bottom of the gravel (see fig. 6). At 5 per cent the 
cut must be 800 feet long. If auto trucks are used, the grades may be in- 
creased to 10 “per cent or even 15 per cent. for short distances. This would 
shorten the thoroughcut to 400 feet. Many onerators use conveyor belts to |. 
eldvate ‘material from the pit floor (39). These may be operated on grades up 
to 20° or 35 per cent, thus shortening the thoroughcut in the example to a. 
Little more than 100 feet. At other plants material is elevated by cars 
noisted up inclines ({48).:(50), by. bucket elevators, or by pumps. In these 
. cases the grade may: be increased until it is nearly vertical, depending upon .°%% 
conditions. With these maximum -grades the entering thoroughcut is driven at 
as steep Jan angle. ‘as.is consistent with good operation of the digging and 
haulage equipment used in development. The permanent haulage installation is 
then constructed over the side of the bank and not necessarily in the original 
opening thoroughcut. -In some instances :vertical, lifts are used wnich employ 
skips operating in balance; these,. of. course,. do not use the entering thorougk- 
cut as an avenue of egress. However, the entering cut is required in all cases 
for access of the digsing. equipment ana transportation of supplies, so that 
development thorcughcuts must be driven between grade limits of from 3 to 10 
per cent, depending upon whether cars or trucks are used fer carriers. 


Owing to the many variables involved in determining the length. and grade 
of . thorougheuts entering pits, itis difficult to analyze specific examples | 
that ‘will be FED EES CHURN? of. other than purely local conditions. r 

| ‘Some ere ie aiente: ee specific comparisons | may be used to ‘illustrate 
the ds Of haulage. es Mpon | devel opment cost. 


Referring to Figure 6, we find the ‘following’ quantities of materials to 
be moved, if the gravel depysit is 30 feet thick below 10 feet of ove PPUneen: 
and the shovel cut is 50 feet wide at Grade with 45° slopes. 
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Grade, Lengtk of cut, Overburden, Gravel, 
per cent feet cubic yards cubic yards 
3 1,903 55,828 | 38 , 880 
to | 800 22,100 — 23,335 


10 | — 400 11,234 ll, 300 


If the cost per cubic yard for dig geing ana removal is 20 cents for the 
overburden and 25 cents for tne gravel, the entry tnoroughcut will cost 
$17,085.60 for a 3 per cent grade, $8,253.25 for a 5 per cent grade and 
$5,071.80 for a 10 per cent grade. Thus the 3 per cent zrade will cost twice 
tuat of a thoroughcut on a 5 per cent grade and over 5-1/3 times that of a 
10 ver cent grade, other conditions being equal. It is evident then that, 
where possible, the shorter the entry troroughcut is made, the nee expense 
ang time will be involved in development. 


Te : area soe Gun omned s or leased. property necessary to accommodate an open 
ing tnoroughcut must be considered. In. the exemple cited a 3 per cent grade 
1,353. feet Long would require the entire Width of a square 40~-casre plot. 

Unless additional area -could be obtainedc,.the grace would have to be steepened, 
and even then iaulage curves: Bppheser sie the grade mist be of small radius. 


The development nrocedure for a strai; ght openin? horeucheat for a dry 
pit may follow.the plans sown for banks in Figure 2A, B, and 0. The thorough- 
cut itself, hovever, will be driven on whatever grade is decided upon and not 
carried level, as into a bank. 


Where space is lacking for a long, straight thoroughcut, as in the 40-acre 
plot previously noted, the entering cut may be curved and descend to the work- 
ing level ina spiral. Stripping cuts will be similar in this case to Figure 
SA, B, and C, except. that they will follow the same curve as the thoroughcut. 
All overburden must be hauled to the site selccted for the dump. Where the 
topography is flat this usually requires the clevation of the dump track, which 
means pushing the loaded cars up an incline to obtain dumping height. 


If drag-line excavators are used for stripping and are followed by shovels 
for production, the development procedure will. be similar to that for shovel 
stripping. Provision may be made later for casting overburden to the excavated 
pit, provided the equipment has sufficient reach. 


. In some instances convertible shovels have been used in thin overburden. 
Tae shovel is first equipped with a drag scraper and scrapes the overburden 
back from the edge of the pit to a windrow parallel.with the pit. When suffic- 
ient-material is collected in this manner, the drag scraper equipment is re- 
moved and the dipper installed. The shovel then proceeds to load the windrow 
into naulazge equipment. : : 


If drag-line excavators are used both to strip and to dig gravel the only 
development necessary is the stripping and excavation of an initial cut either 


straight or curved, as desired (12). The overburden from this cut may be piled 
to one side and the gravel loaded on the surface on the other side. Returning 


lee S07 = 


Google 


I.C. 6609 


on the second cut the drag line will cast the overburden previously removed, 
tosether with the nev Byp eptne. to the excavated pit formed by the first 
cut. . 


If the decision is to use a drag scraper it is usually set up so that 
material from the initial fan-snaned excavation can be delivered directly to 
the top of the treatment plant, thus eliminating transportation equipment 
(20). The scraper will be usec first to strip the area to be excavated. for 

is purpose provision will be mace at the delivery end for dumping over- _ 
burden into cars in which it may be hauled to the dump. Development in this 
case consists of stripping the area which can be reached by the scraper. 

his procedure, however, may be modified br stripping only a portion of the 
reachable area. the scraper is then used to remove the gravel from this 
small area. When .this'i8 excavated the scraper is extended and strips over a 
wider arc, dumping the overburden into the excavated pit (12). ‘Some contami- 
nation will occur wicre tie overburden from the second stripving cut is 
dragged over the ban: of the gravel cut. This may be minimized by using a 
closed scraper on a slacic-line cable. By this means the track cable may be 
tightened and the scraper lifted as it nears the edge of the pit. It can 
then dump clear of the gravel bank. If two scrapers are available one may be 
~ utilized to strip new ground to the excavated area of the working gravel pit 
in which the second scraper is producing gravel. 


If the deposit is’ so situated that there is sufficicnt slope to carry 
sluices from the top of the gravel to permanent dumps and there is water 
available at sufficient elevation to provide the necessary head, hydraulic © 
metiods ma; be used to strip a pit deposit (17), in the same manner as de- 
scribed for bank napaeanes 


By since: - a centrally located sump the gravel itself may be 
hydraulicked to:the sump and pumped from there to the plant. This practice 
is common in the phosphate deposits of Florida. The drag scraper has found 
its greatest development in the same field. _ 


Wet Pits 


The operation of a-wet sand and gravel pit involves the removal of 
material from below the surface of ground water. Many wet pits were origi- 
nally started as dty exoavations. Others have resulted from the extension 
of marine operations into land beyond the submerged area. A few have been 
started from previously existing ponds or lakes (52). In those operations 
originally started as dry bits the dry excavation itself constitutes the 
development step (44)(35).° In somé’this dry operation may have been con- 
timed for years and wet methods resorted to only after exhaustion of mater- 
ial above the level of ground water. “Wet pits: started from existing ponds 
or lakes seldom require development as defined.’ Tne equipment is installed 
and digging begins at the shore or bed of the body of water. _ 4 

Development designed for the operation of wet pits in locations con- 
Matar no natural body of surface water involves the opening of an initial 
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hole or pit of sufficient size to accommodate the’ ‘operating equipment ‘in coy 
prosecuting systematic excavation. Where overburden is present it may “Bde a 
necessary to remove it from the initial opening,’ but once excavation is a 
started the necessity for stripping will depend upon the rate of. flow ‘and - | 
quantity cf ground water and the relation of its level with respect to the. vs 
gravel bed. Witk favorable water conditions stripping may be abandoned an, ae 
many deposits which if worxed dry would require considerable expense | ‘for “thig 
item (21)(26). On the other hand, it must not be inferred that, th e ‘mere “change 
(48)(65). No definite rule can be estapiaeied in this pear vecausé of ‘the’ 
influence of a number of local factors. The character of the overburden it=" 
‘self varies widely in different localities. Some sandy loams even of consi der~ 
able thiclmess disintegrate readily upon simple immersion in water. The ‘same 
is true of some sandy clays. Other deposits of clay are ‘so constituted that 

sey break up little if any in water unless violently agitated. Even then some 
types of clay do not break up entirely but form balls which nave a tendency to 
collect gravel and sand coming in contact with then. 


A general rule which may be followed in caving overburden to wet pits is 
tuat there must be a depth of water at least equal to tne thiclmess of over-_ 
burden and a subsurface flow sufficient to maintain a constant water level in 
the pit. 


The ‘position of thé water level with respect to the gravel deposit has 
been already discussed’ and need not be further elaborated here except to re- 
yveat that conditions in each deposit must be carefully” studied before’ the 
method of operation is finally decided upon. 


In tue operation of wet pits, ‘two distinct types of equipment are avail- 
able, land and floating. Lard cqutpment may be either a drag or slaclz line 
scraper or drag-line excavator. Either unit operates from tne lana surface 
adjacent to the pit. Floating equipment, on the other uand, operates from 
the water in the pit and may consist of either of several types of dredges. 
among these may be enumerated in the order of preference, judged by the number 
of installations, the punp, clamsnell, ladder, and dipper dredge. 


Development of wet pits for either land or floating equipment may be an 
extensive proceeding or one of very minor importance. The opening of a pit. 
from existing ponds or previous marine operations by floating equipment re- © 
quires little development as such. Likewise the opening of wet pits by land 
equipment in the absence of natural bodies of water may require little pre- 
liminary prevaration. On the other hand, the opening of a wet pit for floating 
equipment in deposits where no natural body of water exists may require con- 
siderable development ahead of actual sustained production. In opening such 
deposits obviously the initial hole. or pit imist be dug by some other type of 
equipment than a dredge (43) (47). 


If preliminary prospecting and exploration has shown land equipment to 
be the most economical under local conditions, either the shovel, drag line, 


or scraper may be used to start the work. Either of the last two can be used 
to dig down through the material lving above water level and continue to the 
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bottom of the gravel or to thre economic limit, in one operation (31)... Develop- 
ment is then limited to the removal of overburden from the first cut.” Where | 
tLe overburden is thin or sandy even this removal may be dispensed with and | 
all material from the surface down may be sent direct to the washing plant. 
Waen the overburden is thick or couposed of clay it will ve preferable to _ 
strip a sriall area, casting the material to temporary dumys ‘on the surface 

and later recasting the dumps to the pit after reaoval of the gravel (29)(65). 
The extent of this initial stripping will depend upon the size of the hole 
necessary to start s, stematic: production. Thais in turn will depend upon the > 
tnicimess of tue overburden and. the underlving gravel. With a low water level 
and limited quantity of water the initial iiole snould be of such a Size that 
no caving of overburden is required until the bottom of the gravel or the. eco- 
nomic deptu has been reached. With higher water and a sufficient quantity of 
it available the overburden max be caved sooner. 


"In some cases it is difficult to imow just where this dividing line must 
be drawn. If there is present an independent source of clean wash water the 
preliminary immersion of the overburden in even an unsufficient quantity of 
pit water may be ut:lized as a first wasting to be followed by further washing 
in tne plant. The dctermining factor will be the relation between the cost of 
stripping on tue one land and tne increased cost of final washing in the plant 
on the other. _ 


If it is decided that tne overburden must: de ‘stripped. anead of production 
tue development scheme may be carried out along the same lines as for dry pits, 
using either shovels;. drag lines, or scrapers: Unless for some reason it is 
economically advisable to strip a large initial area ahead ‘of gravel excavation, 
shovels will seldom be employed because of the expense of hauling overburden 
to waste dumps. Both the drag line and scraper can be used to strip and dig 
gravel intermittently, casting the overburden to the excavated pit. 


Where Stensive-oce mikes stripping is not necessary the development 
scheme for land equipment becomes incidental to the production plan. 

Development for dredge equipment is done in different ways. If drag lines 
are availaole the initial pit :sa;r be dug by them until sufficiently large to 
float the dredge. Tlie same is true if cavlevay'strapers are available. ~With- 
out either of these units a siovel.or norse or tractor drawn scrapers may be 
used to dig the starting pit Gown to water level. From nere on a pump is some-_ 
times. set on the gravel witn tre suction line laid ina hand—dug sump. Tris 
sump is enlarged by the pump suction to the limit cf its reach, and the pump 
is then mounted:.on a raft or small scow.-. By this means the sump may be en- 
larced to accommodate ta@ dredge itself. This procedure provides a good method 
of testing the adequacy of :the flow of subsurface water for Subsequent pump 
dredging. By carefully gaging the water level in the small pit while the 
temporary pump is onerating and calculating the fali, if any, ag sainst the 
capacity of the pump tne flow may be apeetta nner 

With: few Czeest ae the operation of wet pits requires ‘some. type of trans- 
portation equipment between pit and plant. Draz lines usually load cars spotted 
on tracks laid on tie original land surface. In a few instatices auto trucks 


have replaced locomotives and cars. 
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| A frequent exception to” the preceding statement is in the use of drag 

or slack line. scrapers. In small’ operations the head tower of the scraper 

is usually set adjacent to or built integral witn the screening plant struc- 
ture. This Ys also the case in many large capacity nlants using this type 

of excavator. When the scraper has exhausted the gravel within economic reach 
from its initial set up, a second unit is often installed to dig further afield 
and the first unit is used to transfer material from the digger to the plant. 


Transportation from wet pits using land equinment therefore has a minor 
influence on the development plan. At most, it must provide for surface haul- 
inz from pit. to plant. There is no necessity for the digging of entry thorough- 
‘cuts as in dry-pit operations. 


Transportation from floating equipment to plant may be varied. Pump 
dredges customarily deliver material through pipe lines for short distances 
direct to tke plant (36). For longer hauls floating barges are used. Clam- 
shell dredges at tines dump into floating hozpers from which pumps deliver the 
raterial to the plent. More often, however, they cump to varces. Ladder and 
dipper. dredys almost invariably load barges for trdusfor to pant. Develop~ 
ment for floating equipment is not materially influenced by the transportation 
method used. 


It will be. seen from the preceding discussion that development in its 
restricted dsSinition plays a rather minor role in the preparation for wet~pit 
operations. In its broader interpretation, which would include the selection 
of the method of operation and the type of equipment to be used, prospecting 
and exploration ‘play a much more important role. Treatment of the subject in 
its broader aspect, however, comes more logically under the head of excavation 
and will be discussed in a circular on that subject. 


No illustrative examples have been given of wet pit development costs be- 
cause of the extremely varied conditions met with in different localities. 
It is felt that discussion of any detailed set of conditians would only serve 
to confuse tae issue when applied to another locality. 


MARINE DEPOSITS 


In marine deposits development is again of minor importance. In fact, in 
only a few instances is any preparation of the deposit desirable or possible. 
Sxcept for some river bars, the material recovered from marine deposits is sub- 
merged in natural bodies of. vater, In all cases the sand and gravel are re- 
covered from beneath the water level and no stripping is necessary. The 
character of the material in the deposit has an important bearing on the type 
of equipment that should be used in marine deposits, but this subject will be 
Giscussed in a subsequent circular. 


| River Dep osits 


River deposits comprise sand and gravel in the form of bars and small 
islands or the bed of the river itself. Such deposits may be either of two 
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types. They may have been laid down in their present position at some earlier 
stage of the river's evolution where they have remained intact except for minor 
changes caused by variations in the current, or tuey may be the result of 
present-day action of the river currents. Many. rivers jin former geologic time 
have been transporters of sand and gravel but have long since ceased to be-such 
(10). In these, gravel deposits are often covered by. several feet. of fine mué 
or silt or other débris brought down by floods {ii2,. No. replenishment of sand 
and gravel as such tales place, however, owing to the. exhaustion of supplies 
upstream. Such denosits can be excavated once only. 


In those streams which are at ‘the present—time sane of Pe and gravel 
_ many operators have set up plants which dig over the same area year after year. 
The river itself in spring floods brings down fresh material and fills in the 

excavation of the previous year (45)(46). 


In order to avoid periodic deposits of silt and débris in gravel beds Ap 
the older rivers, some operators have deflected river currents by building .._ 
Jetties or dams, tius protecting the site of their excavation from contamina~ 
tion (56). In other cases, by the same means, rivcor currents have been made to 
deposit material in excavated. areas and not ‘spread. their burden over sections 
out: of. reach of existing stationary equipment. . 


Such deflection of river currents is properly development of river deposits 
and is the only instance. in which the author can point to. development as desir- 
able or possible for marine Oepcerea: 


In some instances, it is ‘true that dredging equipment is used to open . 
channels through barren river beds to reach commercial bars, and this work 
also. should be classed as development. Such operations are so erratic and lo- 
calized that they are without the field of discussion in a. general paper such 
as this. 


| Lake and Ocean Deposits 


‘Strictly speaking, there is no such thing as development of lake and - 
ocean deposits. This tyne cf deposit is located by prospecting and exploration, 
usually carried on by the dredge itself. Wien the deposit is found, the dredge 
1s placed above it and starts producing: ; 


_. Dewelopaene: applied in ite broader sense. ‘to cigaet types of deposits would 
cover a study of preliminary prospecting and economic conditions for the pur- 
pose of determining the type of dredge. to be used (61)(62). This can be better 
ee under. excavation and. will be left for tne paper on that subject. 


Soe)... TYPICAL EXAUPTES OF DEVELOPMENT METHODS: 

A reader searching through publications in the technical press or books 
can not help noting the scarcity of information regarding the details of de- 
velopment of sand and gravel plants. In only a Very few instances has the 
euthor reer able to locate other than-extremely cursory reference to this 
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subject. The ‘attached bibliography zives a few instances in which development 
methods are ¥ecorded indirectly in descriptions of gravel operations. These 
mave been referred to throushout the Text and. a few are bri elly abstracted in 
the following perecrann’: b - 


| ‘Seaboard Sand & Gra’ eager “toe Port Jefferson, J Yin Aa). 


T.:e Seaboard Sand & Gravel Co. Seoiees in favor of the pump dpedes in 
preference to the power shovel because of lower operating costs. The property 
was Gevelosea by starting tne dredge in the harbor and causing it to cut its 
Jagr into the land deposit. Ey this means gravel coulé be recovered below 
high-water maric which would be beyond the reaca of the shovel. 


Onio River Sand Co. Louisville iy. (2 


In the = operation of the Ohio River Sand Co. bowlders from the | 
shallow parts of tne river were collected by hand. Development of tne work- 
ing method has involved tke use of various kinds of equipment, from clamshell 
Gerricks mounted on barges, and pump dredges, to the present ladder—type.. . 
drecges. No actual development of the property is necessary since the dredge 
igs, gravel from se eas bars as found curing exploration by the dredge itself. 


i penance Sand & Greve Grevel Co., usliville, Ne J. (8). 


The Menantico Send & Gravel Co. property was. developed first for oper- 
ation by a clamshell derricl mounted on railway trucks. With this equipment 
an inland pond was duz in which the present pump dredge was later inctalled. 
Strippinz O to 3 feet of loam overburden by clamshell derrick and cesting 
the material into the excavated pond cost $0.012 per ton of sand and gravel 
produced from a deposit averaging 25 feet tuick.. This cost is divided as 
follows: Labor $0.008; ubupertotendence, a 002: fuel, {0.0013 and supplies, 
@0.001. | | 


East Texas Gravel Co., Bois dtArc, Tex. (4) 


A portable drag line was set up on the property of the East Texas Gravel 
Co., whick started development by stripping the overburden and casting it to 
one side on the surface. The same machine is used to dig gravel. <As the ex- 
cavation increased sufficiently in size tke overburden was cast to the pit 
from which the gravel kad been removed. Development consisted of simply 
Gigging toe iritial-‘hole.- Digging and casting overburden to the excavated 
pit cost $0.059 per ton of sand and gravel, divided as follows; Labor, 
$O.025; supervision, $0.002; fuel, $0.010; supplies, $0.022. In this case 
the overburden was clay averaging 10 feet thick eoversne Braves averaging 14 
feet thick. , | 
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Consolidated Rock Products Co., Durbin, Calif. (5) 

The Durbin plant of the Consolidated Rock Products Cu. operates on an 
a@lluvial-fan devosit formed by the San Gabriel River.. The material as ‘shown by 
test pits, wells, and drill holes is of fairly uniform gradation; and in _--.. 
creases in particle size-at the river canyon. | The :-water level is 110: feet: be- 
low the surface. ‘The property was developed as a dry. pit by equipment. working 
from different levels. Tl:e faces are carried curved or crescent shaped and 
switcubacks are used on haulage tracks. . Eventually underwater equipment will 
be eee when tie ‘ground- “water level is neachore 


_ 


Fort Worth: Sand. & Gravel oe Fort Worth Dex. 
The eater ‘desoaite. at fort. Worth. coasted of two: satinct peoieeke forma- 
tions and in consequence development was planned whereby both types conld be . 
exploited and the matorial mixed or treated separately as desired. Because 
of the proximity of sround water to the surface and the shallow depth of the 
Gravel, the wet-pit method of operation was necessary. Drag lines were in- 
stalled because there was not sufficient dependable water for a pump dredge. 
The property was developed for intermittent stripping and excavation by the same 
equipment. Overburden is removed and cast. to the eacevetee pit ie apie 
Cree Gee that cal cravel. ‘ 7: = 


The cost is- “80. 0590. ee "600 of aad and. cei diviaed: as \Poliews: 
ior. $0.0G23; suvervision, $0.0123; fuel, $0.0034; and supplies, $0.0110. 
The overburaen.coasists of clay averaging 5 feet in thickness and covers gravel 
averaging 15 feet in depth, about 4 feet of which is submerged below ground- 
water. level. i eRe Be Pg, es foe = 7 


The Portland Gravel.Co. operates a clamshell dredge in recovering gravel 
from the bed of the Williamette River. and a pump dredge. in digging sand from. 
the..Columbia River.,.The bed of the Williamette: River has been dug over in. 
many places and as a result consists of a series of potholes which have . been 
filled with oversize bowlders, fine sand, sunken logs, and debris from up 
river points. Because of this condition, it was decided that the clamshell 
type of dredge would be the most economical. Conditions are different on the 
Columbia: River and a vump dredge is most advantageous for recovering..sand 
there. Development by this co.upany has consisted of a careful . BURY ee the . 
pryetees. ans and. eenecyanS sa ads ae to them. 2. 


Ward sand &. Gravel C are Oxford, Mich. £8) 


“the. ave Gel’ dence at Oxfora ame evidence - of ie ieee oi ae re- 
sulting from.the flow of fluvioglacial waters over -terminal moraines. - The . 
property contains mucn gravel both above and below: -permanent water level, . 
Because of the quality and depth of the gravel below water the wet-pit method 
of operation is used. The deposit was first opened with Slack-line cableways. 
When a sufficiently large pit was available a dredge of unique design was 
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installed wnich operated on the principle of a water ejector and pumped mater-—- 
ial to the washing plant. Later on, barges were substituted for pipe lines for 
celivery to the plant. Development nere has consistea bdanGely of desizning 
dredging equipment to suit local conditions. -- 


J. K. Davison & Bros., Pittsburgh, Pa. (9) 


Te Davison Co. recover their material wholly from river bars, where no 
development is necessary. The dredge does its own prospécting and when a 
suitable bar is found production is started at once. 


Dallas Washed & Screened Gravel 'Co., Dallas ex. 10) 


The Dallas Washed & Screened Gravel Co. developed a ‘comparatively shallow 
gravel deposit below heavy overburden with the ground-water level submerging 
about half the gravel. SHarly operations removed ihe gravel above water level. 
later drag lines were installed and they continue to be used. Overburden is 
stripped by one drag line and cast'to the pit dug in the gravel vy a second 
draz line. ncimoving an average of 7 feet of clay from l2 feet of overburden 
cost $C. O31 per ‘ton of sand and gravel. 


" 
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